
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



NEOi TSMii 



II 




HN 5XZ6_0 



KCiiT^^Z 



f< 



'4 





[i 



*• ' 4 



GRAMMAR OF CHEMISTRY. 



GBAMMAR 

or 

ON THE FLAN 07 

The Bev. DAVID BLAIR, 

Antliorof a Onamar of Natural and Experimental Philoiapliy, Unv«rMl 
Preceptor, fre. ttc* 

ADAPTED TO THE V&E OF 

SCHOOLS AND PRIVATE STUDENTS, 
BT FAMILIAR ILLUSTRATIONS AND EAST EXPERIMENTS. 
• REQ17IRINO CBBAP AND 8IBCPLE INSTRUMENTS. 



Bt Dr. J. L# C0M8T0CK. 



With Bumeious Engravings on Wood. 



HARTFORD: 

PUBLISHED BT S. O. €K)0QRICB. 
1832. 



*^ ^ ' DISTRICT OF CONNECTICUT, ss. 

BE IT REMEMBERED, That on the twenty- 
L. S. ninth <Jay of April, in the forty-sixth year of the In- 
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Office the title of a Book, the right whereof he claims as pro- 
prietor, in the words following— to wit : " A Grammar of 
Chemistry^ on the olan of the Rev. David Blair, author of a 
grammar of natural and experimental philosophy, universal 
preceptor, &c. &c. adapted to the use of schools and private 
students, by familiar illustrations and easy 9in>eriments ; re- 
quiring cheap and simple instruments. By Dr. J. L. Com- 
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mental Philosophy, recently published, a notice of 
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RUDIMENTS OF GEOGRAPHY, on anew plan; de- 
signed to assist the memory by comparison and cUisnficalUm ; 
wUh nvmerous Engravings of Manners, CusiomSy and Curi- 
osmes. Accompanied with an Atlas^ exhibiting the prevailing 
Religions, Forms of Government, Deprees of Civilization, and 
the comparative Size of Towns, Rivers, and Mountains : by 
William C, WoodMdge, A.M. Second edition. Revised 
and adapted to the ttse of Schools, 

The publisher has in his possession recommendations of this 
work from the follovrine^ persons, viz. : 

His Excellency De Witt Clinton, Governor of the State of 
New- York — Simeon De Witt, Esq. Surveyor General of the 
State of New-York—Rie^ht Reverend T. C. Brownell— Rev- 
erend Zephaniah Swift Moore, President of the CoUeffiate 
Institution at Amherst, M^s. — Reverend Abel Flint, D. D. 
— Mr. James L. Kingsley, Professor of Languages in Yale 
College — Reverend Chauncey A. Goodrich, Professor of 
Rhetoric and Oratory in Yale College — Reverend Thomas 
H. Gallaudett, Principal of the American Asylum — Rever- 
end Mr. Hawes, and Reverend Mr. Wheaton, of Hartford — 
Reverend Mr. Emerson of Norfolk, and Oliver Kane, Esq. 
of Albany. — Other favorable notices have been received, 
from respectable teachers, who have examined and used the 
work. 

The following extracts will serve as a specimen of these re- 
commendations : 

Governor Clinton believes it to be " a publication of great 
merit, ingeniously conceived, and ably executed." Dr. 
Moore observes, ^' The plan is new, ingenious and interest- 
ing. — The work is, in my opinion, the best fitted of any thing 
I bave seen, to excite in the learner an interest in attending 
to the science of Geography, to facilitate his progress, and 
discipline his mind.'* Mr. Gallaudet says, '^ I h ave no doub^ 
one month^s trial will satisfy the intelligent master of a school 
that it combines advantages which render it superior to an 
book of the kind, for a similar purpose, now extant." 

The superior value of this work may be also inferred froi 
the fact, that the firet edition was sold in sixty days after its 



publicatioD, and that the publisher had orders for 2,000 copies 
more before the second could be completed. 

iS. G. Chodrieh htis published two Atlases to aetompany this 
work ; a larger Atlus^ whiefi appeared vnih the first editioriy 
and a minor Atlas with four maps, recently prepared. Teaeh- 
ers and Booksellers who order the Geography, will please to 
be partietUar in designating which Atlas they wish, 

A GRAMMAR OF NATURAL AND EXPERIMEN- 
TAL PHILOSOPHY; including Physics, Dynamics, Me- 
chanics, Hydrostatics, Hydraulics, PneumaticSy Acoustics, . Op- 
tics, Astronomy, Electricity, Galvanism, Magnetism, ojccor- 
ding to the latest discoveries. With one kmdred Enffro" 
vings on wood. By Che Rev. David Blair, Author ^ the 
Class Book, Umoersal Preceptor, English Grammar, head- 
ing Exercises, Models of Letters, S^c. From the twelfth Lon- 
don edition, improved and enlarged— ^6 pages — price 75 cents. 
This work has had unparalleled success in England, and for 
several years has been extensively used in the schools and 
academies of the United States, for teaching' the Sciences of 
which it treats. The present edition is thought to be still 
more worthy of patronage, than any former one, it having 
been revised throughout. Very extensive additions having 
been made in all parts of it ; also, a copious index ; more nu- 
merous QuelStions for exercise«->and several interesting and 
important figures having been supplied ; and all the figures, 
now amounting to about one hundred, being executed on 
wood, and for more convenient reference, printed in direct 
connection witk the passages which refer to them. 

BLATR's LFCTURES ON RHETORIC AND BEL> 
IjETTRES, in the form of Question and Answer, by the Rev. 
John Marsh. 2d edition — price 60 cents. 

This work comprises the substance of Blair^s Lectures, and 
being condensed into a very small compass, and executed in 
a very happy style, is peculiarly fitted to the use of schools 
and private students. 

THE YOUTH'S ARITHMETIC, being a plain and easy 
method of teaching the practical use ofMtmbers. 2d edition — 
1 fiOpages-^-price 25 cents. 

' This work contains all the rules found in the common 

School Arithmetics ; together with Questions for the simpler 

forms of Book-keeping. It is recommended by Governor 

Tread well, Judge Trumbull, and many teachers, who have 

ted it, and who speak of it as decidedly preferable to any 

ler work for teaching Arithmetic to youth. 

Hartford, May 28, 1822. 



PREFACE. 



The Publisher of this work having it in view to 
present to the public a series of volumes compri- 
sing a complete course of Natural Science, adapt- 
ed to the use of schools and academies, put into 
my hands a London copy of Rev. David Blair^s 
Grammar of Chemistry, for the purpose of hav- 
ing it revised and adapted to the foregoing plan* 
On examination, however, it seemed to be execu- 
ted with far less felicity than the other works of the 
same author : it appeared throughout, to display 
in the writer a want of that intimate and familiar 
acquaintance with the subject, without which any 
attempt to adapt it to the capacity of youth must 
necessarily faih 

Under these circumstances, the author chose 
rather to write a new work, adopting the plan only 
ofBlair, which is doubtless excellent. This little 
volume is the result, and is offered to the public, 
in the hope that it may facilitate and extend the 
acquisition of this popular and useful branch of 
education. 



lY PREFACE. 

In the preparation of the work, the author has 
endesLVor^d to keep carefully in view the capaci- 
ties of those for whom he has written, and as far as 
was deemed consistent with accuracy, has prefer- 
red common to technical language. He has thought 
it, however, still more important to illustrate and 
enforc/e every step of the pupiPs progress by simple 
illustrations and easy jexperiments. And as the 
^udy of chemistry must be almost fruitless, without 
experiments actually performed before the pupil, 
ttke au&or has taken pains to select such utensils 
and such experiments, as to put it in the power of 
teachers^ to perform them in their schools. 

With what degree of success the author has exe- 
cuted his design, he cheerfully leaves to the de- 
f^iisionof^he public. 
Hartford, June 1822. 
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DefinUwn, Chemistry is that science by which we are en- 
abled to ditcover the composition and properties of bodies. 

1. The object of Chemical Philosophy is to ascertaia 
the causes of the natural changes^ which take place in all 
substances, and to discover the laws by which those 
changes are governed. 

2. Most of the substances belonging to our globe, are 
constantly undergoing alterations in a perceptible man- 
ner, and one variety of matter becomes as it were trans- 
formed into another. 

OlmeroaitUm 1. The foundation of chemical philosophy are 
obsenration, analogy, and experiment. By obserration, faetiv 
are irapresaed on tbe mind. By analogy, similar facta ^ 
connected and the existence of other unknown facts are in- 
ferred. By experiment new discoyeries are made; ^tndia 
the progress of knowledge, obseryation guided by analogy 
leads to experiment, while the inferences m>m analogy con- 
firmed by experiment, become scientific truth. 

3. The ends of this branch of knowledge, are the discove- 
ry and application of new principles, or of new substances, 
to the arts and comforts of hfe, and also to apply known sub- 
stances to new and useful purposes. 

lUugtraHaiu Among the useful inventions, or iiDproy&- 
ments which have been derived from a knowledge dT-chenus- 
tiT, vre may enumerate the steam engine, the manu&cture. 
of a pecuHlgr kind of porcelain ware, Uie safety lamp, a new 
node of tanning, the analysis of soils, and the consequent mir 
2 



XO : CHEMICAL UTENSILS. 

pr(|rethents in agriculture, the detection of poisons, and adul- 
ter9|jtioi38 ; improved mathods of manufacturing' medicines, 
th$*Siscovery of new ones, new or improved methods of dye- 
ing, a new and expeditious mode of bleaching', improvemeots 
i^ the arts of soap making, in manufacturing several of the 
raetals or extractmg them from their ores, of manufacturing 
l^veral salts, as alum, copperas, and nitre, the discovery of 
several new paints, and new methods of manufacturing otlters. 
Indeed, almost all the arts of life have been in some way bene- 
^ted by this science. 

3. As the science of chemistry is founded on experi- 
ment, chemical knowledge is chiefly obtained by means 
jl^ a aet of lU^osils, constituting an apparatus, together 
with observatiooMitfiiade on the action of re-agents. 

Obs. 1. It was once thought to be indispensiblj necessary, 
tb'.it a philosophical chemist should be provided with a regular 

^-ohemical laboratory, or room fitted up with furnaces, and oth- 
er apparatus, on an extensive scale. This no doubt is of 
great utility and advantage ; but the researches of Bergman, 
Morveau, and other eminent chemists, have shown, that 
many, if not most of the chemical operations may be perform- 
ed with the blowpipe, a few small glass vessels, and an Argand 
lamp, with greater speed, perspicuity, facility, and of course 
cheapn^s, than where larger quantities of the materials for 
experiment are used. 

2. Without making such experiments as verify most of the 
fundamental principles of chemistry, the student will find that 
« g^cat part of his study on this subject will be lost labour. I 

^ave ti^erefore annexed the figures of some of the most simple 
chemical instruments, includmg only such as are easily ob- 
tained, that the student may have an early acquaintance witii 
their shapes -and uses. 

CHEMICAL UTENSILS. 

^^^•v. CruciMes^ fig, 1, are deep conical cups, without 

C ^ ! ^ handles. The form is triangular at the top for the 

\ / conyenience of pouring out, but becomes gradually 

\ 4 I round towards the bottom. They are made of cldy 

\ / and sand, baked hard, and will withstand a high 

\ J heat without melting. They are of all capacities 

^ — ^ from a fluid dram, to a pint. They are used for 

jQoastiQg ores, fusing metals, &c. 
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Pots^ fi^. 2, are made of platina, black-lead, 
ver, &c. and used for particular purposes, whA 
Ihe action of the substance to be operated a( 
would destroy the clay crucibles. 



JUcdrasses, fig, 3, are vessels made of glass, id tbe 

A shape of an egg, with a Ion? neck. They are used 
for effecting the solution of such loibstances as re- 
quire heat, or long continubd <Jig«saott before tliey 
cad be dissolved. 



RetortSy fig. 4, a, are glo- 
bular vessels of glass, me- 
tal, or earthen ware, witJi 
a long neck bent on one 
side. They are of indis*- 
pensible use to the chemist 
for tbe distillation of corrosive substances, collections of the 
gas, &c. The tubulated retorts have a tube and ground stop- 
per, where the neck and body of the retort joins. 

Rfeeii>ers, fig. 4, 6,*are globular glass vessels, with an open- 
ing or spout on one side, into which is inserted the neck or 
beak of tbe retort. They are necessary appendages to the 
retorts, and are destined to receive whatever comes over from 
tbe retort during the process of distillation, &c. They are al- 
so made in the form of a bcU, for the purpose of receivkig and 
retaining the gases. 

The alcmbie, fig. 5, is used for the distil- 
lation, or sublimation of volatile substances. 
It consists of two parts ; viz. a the head 
ground onj and b the body into which tlie 
substance to be distilled is'put. This part 
is set into a sand bath, placed over k fire. 
^ The product of distillation rises up into the 
I bead, where it is condensed, and nins down 
/ the spout into a receiver. A cucurbit is the 
body of the alembic without the head. ' 
When the Jaead is put on it is an alembic. 





CHBMICAL UTENSILS. 




Fig. 6. A Fhreneejlask furnished wiOi a 
tube to be used instead of a retort, m- 
dents will save considerable expense by 
using these flasks in the room of retorts. 
The cork is pierced with a burning iron, 
through which is passed a glass tube bent 
as in the figure. The cork must stop the 
mouth of Sie flask closely. In obtaining 
oxygen gas by means of sulphuric acid 
and manganese, and for many other pro- 
cesses, this answers the purpose of a retort, while if brokea 
the expense is only a few cents. 

Fig. 7. An air thermometer for ascertaining the 
temperature of li^iuids. This is easily constructed. 
It consists of a thin bottle partly filled with any col* 
cured liquid, and partly with air; a glass tube of 
small bore, as a broken thermometer tube open at 
both ends, is either cemented, or hermetically sealed 
into the bottle, so that its lower extremity may nearly 
reach the bottom. The expansion of the air inclu- 
ded in the bottle, on the application of heat, drires 
the coloured fluid up the tube. A scale is fitted to 
the tube to measure the temperature. This simple 
instrument is convenient for measuring the compara- 
tive beat of liquids, as it will indicate changes not de- 
tected by the mercurial thermometer. 

Fig. 8. The common Mow'pipe, Every effect of 
the most violent heat of a furnace, may be produc- 
ed by the flame of a candle, or lamp, uii^ed upon a 
small particle of any substance, by this httle instru- 
ment. It consists merely of a brass pipe, rather 
more than theeijB^hth of an inch in diameter at one 
end, and tapering nearly to a point at the other. It 
is bent as in the figure. To use it, place the curv- 
ed end in the flame of a lamp, and a^ply the lips to 
the other end, then blow gently and steadily, giving 
j the jet of flame a horizontal direction. To keep up 
M a constant stream of air for a length of time, the in- 
•,»i^ spiration must be made by the nostrils, while the 
cheeks are used as bellows. The art of doing this is soon ac- 
quired by practice. The fragment on which the flame is 
tnrown, is laid on a piece of charcoal, held by a pair of small 
forceps. When a very intense heat is required ^d the 
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fragment is so light as to be blown off by the air, it must bd 
confined by making a small cavity in the charcoal support," 
into which the substance is put, and another piece of charcoal 
is placed partly over it, so as to prevent its blowing away. 

Fig. 9. A bottle/or ascertaining the specific grcm- 
ty of liquids. This is a very simple method. Take 
a small bottle with a long neck and weigh it acurate- 
ly ; then put into the bottle 1000 grains by weight of 
g distilled water, and mark its height on the neck with 
a file. As distilled water is the standard by which 

Qthe comparative weights of other substances are 
known, the same bulk of any other liquid, weighed at 
the same temperature, will give its specific gravity. 
Thus suppose that on filling the biottle up to the 
mark at which the distilled water weighed 1000 grains, with 
a sulphuric acid, this last should be found to weigh 1850 grains ; 
then tlie specific g^vity of sulphuric acid is to water, as 1850 
to 1000, or nearly double. If filled up to the same mark with 
alcohol, it might weigh 800 grains. The specific gravity of 
alcohol then would be 800, water being 1000 ; and so of any 
other liquid. The strength of proof spirits may be told in this 
way. 

■ The CropHoaus, 

/ y ^ - ^\\ ^^ jrosthearer fig. 

JC^ 4 A J \ 10, is an inventioo. 

^J ^ ( ) ofDr. Wollaston's. 

^^ S^/^ Itconsists of a tube 

of glass terminated at each end with a bulb, one of which is 
half full of water. It is perfectly exhausted of air and her- 
metically seal^ ; the consequence is that the water is al- 
ways disposed to evaporate. This evaporation however, 
does not proceed so fast as to freeze the water ; but if the 
empty ball be cooled by some artificial means, so as quickly 
\o condense the vapour which arises from the water, the beat 
is carried off so suddenly by the evaporation, that the water 
freezes. This may be done in warm woather, and affords a 
very curious experiment. 

2* 




CHEMICAL UT£NSILS. 



A bell glass receiver %. 11, is of indispensi- 
ble use in making' experiments on air, or the 
gases. It is a glass vessel of the shape seen in 
the figure. The knob at the upper part is for 
a handle, by which it is removed. It is used 
for confining any kind of elastic fluid on which 
experiments are made. A large tumbler is a 
good substitute. 

The Dropping tvhe fig. 12, is a glass tube blown into 
a ball in the middle. It is filled by putting the small 
end into the liquid,>and exhausting the air by sucking 
with the mouth at the other end.- The thumb is then 
placed on the upper orifice, which keeps the liquor 

^ from running out. On raising the thumb carefully the 

' iiquoris expelled in drops. 

Obs. The ammoniacal gas cannot be collected and 
retained in the usual way over water, because it is 
nediately absorbed by that, fluid. This is also the case 
h several of the other gases. Chemists are therefore obli- 
l to make use of a mercuriaX^ instead of a water bath inex- 
imenting on these gases. 

5y the following method such gases as cannot be retained 
water, and are of less specific gravity than the aJlmospheicey 
y be collected and submitted to experiment without the 
of a mercurial bath. 

^ Take a flask «, fig. 13, put into it a mixture of 

equal ^arts of slac&^d quicklime and muriate of 
ammofii£l,i|joth separately reduced to a fine pow- 
' der. Adapt to the mouth of the flask a cork, pier- 
ced with a hot iron, with a glass tube 10 or 12 in- 
ches high, passed through the aperture. Invert 
over the tube the bell glass b in such a manner that 
the upper extremity of the tabe reaches the bot- 
tom of the receiver. Then apply to the bottom of 
. the flask the heat of a lamp. The ammoniacal gas 
|'y« will be produced, in consequence of the combina- 
tion which takes place between the muriatic acid 
of the muriate of ammonia and the quicklime ; 
tljis sets the ammonia at liberty, and bemg lighter 
than atmospheric air, it rises up, expels the air 
from the bell glass, and gradually takes its place. 
Experiments may be made on it by introducing 
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other gases up into the receiver in the same way. 
GAS APPARATUS. 

ry^ r\^ O^ Fig. U. The me- 

thod of making ez- 
perimeifts with per- 
manently elastic flu- 
ids, or gases, though 
) simple,require8some 
directions. We ll?e 
immersed in an at- 
mosphere not great- 
ly differing in densi* 
ty from these fluids, which for this reason are not sufficiently 
ponderous to be detained in open vessels by their weight. 
The figure represents a wooden vessel, or tub ; A:, ifc, A:, is a 
shelf fixed in the tub a few inches from the bnm. When 
this apparatus is to be used, the tub is filled with water to such 
a height as to nse an inch or two above the shelf ; 6, ^,/, are 
glass jars inverted, or turned mouth downward, wmch rest 
upon the shelf. If these, or kny other vessels open only at 
one end, be plunged under water, and then inverted, they 
will remain full notwithstanding they are raised out of the . 
water, provided their mouths be kept under it : for in this 
case the water is sustained in the vessel by the pressure of the 
atmosphere, in the same manner as the mercury is in' the 
barometer. It may without difficulty be imagined that if 
common air, or any other fluid resembling common air in 
lightness, be suffered to eoter these vessels of water from the 
bottom, it will rise to the upper part of the vessel, and dis- 
place the water. If a bcfltle or cup, or any other vessel, in 
that state which is usually called empty, though, it is really 
full of air, be plunged into the water with its mouth down- 
ward, scarce an^ water will enter, because its entrance is op- 
posed by the resistance of the included air; but if the vessel 
be turned up, it immediately fills, and the air rises io cne or 
more bubbles to the surface. Suppose this operation to be 
performed under one of the jars which are filled with water, 
the air will ascend as before ; but instead of escaping^, it will 
be detained in tke upper part of the jar. In this manner 
therefi^re, we see, that air may be emptied out of one vessel 
into another, by an inverted pouriog, in which tb^ air is made 
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to ascend from the lower vessel i to the upper one g. This is 
owing^ to the pressure of the water on. the air, or the lightness 
of the air, whencompared with water. Thus a leaden bullet 
/ sunk to the bottom of a vessel of quicksilv^er will rise to the 
surface. The gas with which balloons are fiUed is lighter 
than common air, and therefore rises through it. ' The rea- 
son why the water will keep its place in the bottom of a ves- 
sel, is because it is heavier than air. Oil will rise through 
water, &c. When the receiver has a small neck the air is 
poured through a funnel. 

The Differerdial TTiermometer, fig. 15, is de- 
signed to show the difference between the tem- 
perature of two places, at small distances apart, 
it consists of a glass tube of fine bore terminated 
at each end with a bulb, and bent into the form 
of the letter U. Sometimes it is made with one 
side longer than the other, as in the figure, and 
perhaps this is the most convenient construction. 
The tube is partly filled with some coloured flu- 
id, as sulphuric acid tinged with carmine, or al- 
1 15 cohol tinged with cochineal. The bulbs and a 
part of the tubes are filled with air. It will be 
obvious from the construction, that this instru- 
ment cannot indicate the temperature of the at- 
mosphere, or of a room, as the conunon thermo- 
meter does ; since an equal expansion of the air 
in both the bulbs would press equally on the fluid 
in both the tubes, and consequently it would rise 
in neither. But if one of the bulbs is exposed 
to a higher temperature than the other, then the expansion 
of the air in this, would be greater than in the other, and con- 
sequently the fluid would rise towards the bulb where the air 
was least expanded. The use of the instrument, then, con- 
sists in showmg the difference of temperature to which the two 
bulbs are exposed, as in experiments on the radiation of heat> 
hereaftet described. The scale afQxed to one of the l^s 
shows the rise of tlie fluid in degrees. The legs of the instru- 
ment may be from two, to four, or five inches high, and the 
bulbs 'an mch or a little less in diameter. The stand to which 
it is fastened may be of glass, or wood. 
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A Lamp furnace^ fi^. 16, con- 
sists of a brass, or iron rod screw- 
ed to a foot of the same metal, or 
to a piece of plank loaded witii 
lead. On this rod slide three er 
four brass sockets, into which is 
screwed strait arms terminated 
with brass, or iron rings of differ- 
i ent diameters. The screws cut 
' OB the ends of these arms, where 
they go into the sockets are all of 
the same size, so that the rings 
may be changed from one socket 
to the other. These rinffs senre , 
for supporting class alembics, re- 
torts, norence Basks, g^ bottles, 
&c. for performing distillations, 
digestion, evaporation, &c. By 
means of a thumb screw passing 
through one side of each of the 
sockets, and acting on the rod, 
the ring[s may each of them, be 
set at different heights, or turned 
aside according to the pleasure of the operator. The length 
of the rod is about three feet, and the diameter of the largest 
ring about four inches. The lamp is also fixed to a socket, so 
that the heat can be regulated by sliding it up or down. 

QUESTIONS. 

JV. B. The mari important quegtionty and those tohieh the 
pupil ought readily to answer, are printed in Roman letters ; 
the others are in Italics, 

What is CHEMTSTRT ? 

What is the object of CHEMICAL phtlosopht^ 
What is the foundation of chemical philosophy.? 
What are the Eif ds, or objects, of tnis science ? 
What useful nr ventions or improvements has this science 
been the means of effecting P 
How is chemical knowledge chiefly obtained ? 
What are crucibles, and what their uses ? 
What is the figure of a mattrass, and what is its use ? 
What is the form of a retort, and what its use f 
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What %8 a receiver, and whcU Us we ? 

WhaJt is an alembic, and what are its uses ? 

How may Florence flasks befitted soctsto answer the pur- * 
poses of retorts ? 

Describe the construction and principle of the air thermome- 
ter. 

Describe the common blowpipe and method of using it. 

What is tUe principle on wiiich the sPECinc gravitx" of li- 
quids are told, by means of a graduated bottle ? 

Describe the cryophorus orfrost-bearer. 

What is a bell glass receiver ? ' 

What is adropping tubef 

Describe the method of retaining such gases as are absorbed 
by water ^and lighter than air, vnthout a mercurial bath. 

Describe the gas apparatus and the method of ponring 
air from one vessel to another. 
^ Describe the differentiai;^ thermometer. 

Describe the lamp furnace. 
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4. There are three general forms under which all 
known bodies exist : viz. under the form of solids, li- 
quids, or of elastic fluids. 

Def Splids are such bodies as resist the impulses of other 
bodies, tn solids the attractive forqps of the particles predo- 
minate over the repulsive power of caloric. Their particles 
cohere so as to preserve them in masses, which have length, 
breadth, and thickness. Their hardness depends on the force 
of cohesion among their particles ; hence some solids are much 
harder than others. 

5. Almost all known solids can be converted into li- 
quids, and many of them into elastic fluids, by being sub- 
mitted to high temperatures. 

Illus, The heat produced by professor Hare's compound 
bUywpipe, is so intense as to fuse with one. or two exceptions, 
every substance submitted to its power. • Several substances 
formerly considered as infusible, are by this means convert- 

\ into vapour. 
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Def, Liquids are bodies possessing considerable density, 
without the power, in an unconfined state, of resisting exter- 
nal iirpressions. 

6. In liquids tb^ attractive, and repulsive forces may 
be considered as equal, and therefore their particles, al- 
though so .near each other as to give them considerable 
specific gravity, are still so far apart as to permit them to 
move among each other on slight impressions. 

06*. Most of the known fluids become solids ^y the ab- 
straction of caloric, or what is the s^une thing, by exposure 
to intense cold. 

Illus. Mercury becomes a solid, malleable metal at 40 de- 
grees below the zero of Fareriheit. Ether becomes solid, and 
shoots into crystals at a certain degree of cold, and alcohol is 
said to have been frozen, &c. 

Def, Elastic, or aeriform 'fluids, are such substances, as 
possessing little specific gravity, may easily be compressed 
into lesser bulks, but regain their former dimensions whenev- 
er the pressure is removed. 

7. The permanent elasticity of aeriform fluids is ow- 
ing to the repulsive power of caloric, with which their 
bases are chemically united, and which constitutes a part 
of their composition. In these substances, the repulsive, 
predominates over the attractive forces of their particles, 
as the attractive does over the repulsive forces of solids. 

06ff. ] . It follows from the above considerations that soUd- 
Uy, fluidity, and ganety, are only different states, of substan- 
ces, and that they may be changed from one to the other 
without any change of cc4bposition. It is true that no degree 
of pressure, or cold has ever been known to condense the 
particle^ of an aeriform body, so that their attractive forces 
ihonld overcome tliose of repulsion. But we know that by 
mechanical approximation of these particles an immense evo- 
hition of heat is produced, which is a convincing proof that 
their gaseous state is dependent on that repulsive power. 

2. We already possess the means of converting nearly every 
known solid into -the liquid state, and with perhaps, a single 
exception, every known liquid into the solid^ate. It is most 
probable then; Uiat were our earth removed to a certain dis- 
tance from the sun, that all hquids, together with our atmos- 
phere itself, would become a solid b(Sy, and were it to ap- 
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proach the sun, that the solids of which it is composed would 
be reduced to thin and invisible air. 

QUESTIONS ON THE FORMS OF MATTER. 

Under how many general FOEiis does matter exist, 
and what are those forms ? 

What are solids ? and what causes solidity ? 

What are fluids ? and what causes fluidity ? 

How can solids be converted to fluids, and fluids to the 
ELASTIC state ? 

TFTien does mercury become a solid malleMe meUd ? 

What are elastic jjimd* ? 

On what does their permanent elasticity depend ? 

What follows J rom the cibove considerations ? 

What would he the probable effect of removing the earth oiU 
of the sun^s heat? ana what the effect of its near approa/(h to 
the sun ? 



OF SIMPLE SUBSTANCES. ^ 

8. By simple, elementary, or primary substances, is 
meant all such as have not been decomposed, or separa- 
ted into simpler forms of matter, and which no pheno- 
menon, hitherto observed indicate to be compounds. 

Obs. It is probable that many, if not all the substances, 
which in the present state of knowledg'e, are considered as 
simple^, will ultimately prove to be compounds ; there are al- 
ready strong grounds for believing that some of them are so ; 
but chemical writers have agreed that every substance which 
has not been actually decomposed should be considered as 
simple, whatever reasons there might be for believing it oth- - 
erwise. 

9. The number of substances considered as simple, 
amount to nearly sixty. Among these are heaty Ugkt^ 

* In another place the pupil will find directions for decom- 
posing the rays of light. This refers merely to the separa- 
tion of its colours by the prism. In a chemical sense, this is 
not decomposition, since neither new combinations are form- 
ed, nor new substances obtained. 
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tlectridty and magnetiam. These arc cajled imponder' 
ableogents. The others which amount to fifty-three 
in nomber, can be subjected to weight and measure, and 
9,recMed ponderable bodies. 

The ponderable bodies admit of the followiDg classification 
and diTisioDS. 

CLASS I. 

Substances capable of uniting with metallic, or com- 
bustible bodies, and of either forming oxides^ or eflecting 

their combustion. ' 

Oxygen, 

Chlorine, 
Iodine. 

CLASS H. 

Substances capable of uniting with oxygen, and form- 
ing with it various compounds. 

DIVISION I. 

Gaseous bodies. / 

Hyckogen, forming water. 
Hydrogen, forming nitric acid. 

DIVISION II. 

Fixed infusible bodies. 
Carbon, forming carbonic acid. 
Boron, forming boracic acid. 

DIVISION III. 
Fusible, and volatile solids. 
Phosphorus, forming phosphoric acid. 
Sulphur, forming sulphuric acid. 

CLASS in. 

Metallic bodies capable of uniting with oxygen and of 
forming oxides, alkaiiesy earths, or adds* 

DIVISION I. 

Comprebending such metallic bodies as are capable of 
forniing by their uuion with oxygen, oxides, earths, or alka- 
lies. - 

3 
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SUBDIVISION I. 

Metals forming with oxygeD, ordinary metaliie oxides. 



Gold, 

Platina, 

Silver, 

Copper, 

Iron, 

Bismuth, 



Lead, 

Cadmium, 

Nickel, 

Tin, 

Zinc, 

Rhodium. 



Palladium, 

Manganese, 

Cobalt, 

Cerium, 

Osmium, 



Titanium, 

Wodanium, 

Uranium, 

TeUurium, 

Iridium, 



Earthy bodies of doubt- 
ful characters. 



SUBDIVISION II. 

Metallic bodies forming earths with oxygen. 
Calcium, forming lime, ^J 

Barium, forming barytes, > Earthy bodies with me 
Strontium, forming strontites, j tallic bases. 
Magnium, forming magnesia, ^ 
Silicium, forming silex, 
Aluminum, forming alumine, 
Ittrium, forming ittria, 
Glucinum, forming glucina, 
Zirconium, forming zirconia^ 
Thorinum, forming thorina, 

SUBDIVISION III. 
Metallic bodies forming alkalies with oxygen. 
Potassium, forming potash. 
Sodium, forming scNia. 
Lithium, forming lithia. 

DIVISION n. 

Comprehending metallic bodies capable of forming acids 
by their union with oxygen. ' 

Tungsten, forming tun^tenic acid. 

Arsenic, forming arsemc acid. 

Chromium, forming chromic acid. 

Columbium, forming columbic acid. 

Antimony, forming antiroonic acid. 

Selenium, forming selenic acid. 

Moljbdenam, farming molybdic acid. 
Obs, This catalogue contains all the substances which at 
the present day are considered as primary, or simple ; and 
they are arranged here merely as such. The first and second 
classes, and the first subdivision of the third class piay be 
considered, in the present state of knowledge, as an exhibi- 
tion of facts. The second subdivision of me third class is 
chiefly composed of articles of doubtful, or even of conjectural 
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characters, Ibeir claims to be ranked as metals, bein^ chiefly 
from their analogy to substances of known metallic bases. 
Among the number, lime, bary tes, and strontites only, have 
exhibited direct proofs of their metallic bases. The others, 
as bein^ earths, also, and as having most of them exhibited 
some signs of a metallic natare, have on these accounts been 
arranged by late writers on chemistry mth the metals. Of 
the three articles under the thii-d subdivision, of the third 
class, two of them sodium and potassmm have been known 
and recognised as metallic bodies for a series of years. Li- 
thium is of more recent discovery, and as a metal has not 
been exhibited in a state ofipurity. 

IMPONDERABLE AGENTS. 

10. The imponderable agents are heat, light, electrici- 
ty and magnetism. They are so called to distinguish 
them from substances which have appreciable weight. 

OF HEAT, OR CALORIC. 

11. Heat is that sensation which one feels on touch- 
ing a body hotter than the hand. This sensation is 
caused by the passage of caloric from the hotter body to 
the colder. Thus caloric, is the cause of the sensation 
called heat, and heat is the effect of. the passage of calor- 
ic, or the matter of heat y into the band. 

Obs, One of the most obvious and universal properties of 
beat, is its disposition to seek an equilibriam, or to pass from 
the hotter body to that which is colder. * 

lUtu. 1. If two bodies of different temperatures foe placed 
in contact, or near each other, the one whose temperature is 
the highest constantly throws offbeat from its surface, which 
is absorbed by the other, until the colder body has gained, and 
the hotter body has lost, a quantity « of caloric, waich bring 
them both to the same temperatures. 

2. If two thermometers, graduated exactly alike be placed 
at a distance from each other in the open air, they will both 
indicate the same degrees of heat 

Corollarif, Caloric has the power of pervading all sub- 
stances, and of equalising their temperatures. 
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12. Caloric may exist in two different states, viz. in 
a state otfreedom, and in a state of combination. In 
the former state it is capable of exciting the sensation of 
heat, and of enlarging the dimensions of bodies. In the 
latter state it neither excites sensation, nor produces ob- 
vious ieffects on substances. 

13. Whenever we experience the sensation of heat, on 
touching a hot body with the hand, that body contains 
caloric in a state oi freedom^ otherwise it could not pass 
into the hand. 

Obs» What in common language is meant b^fieat, is al- 
ways free heat, since its other modi£catioa neither excites 
sensation nor afects the temperature of bodies. Thus a red 
hot ball of iron contains a large quantity of free heat. 

14. Combined caloric, also called latent heat, neither 
affects sensation, the magnitude of bodies, nor the ther- 
mometer. A knowledge of its existence therefore is ac» 
quired, by experiments only. 

Obt. Combined caloric becomes/r^ under Circumstances 
to be mentioned hereafter. 

OF FJREE, OR UNCOMBINED CALORIC. 

15. Caloric, as a chemical agent, may be considered 
in two points of view, viz. as the antagonist power to co* 
heston, and as causing or increasing the elasticity of 
bodies. 

16. As the antagonist to the cohesive attraction, or 
that power which keeps matter in masses, the effects of 
caloric, are to cause the particles of solids to repel each 
other, so as to overcome their natural attractions. When 
this takes place the particles easily slide over each oth- 
er, and the solid becomes a fluid, as in the fusion of me- 
tals, melting of ore, &c. 

Oba, As the caloric passes out of a fused substance as a me- 
tal, the particles gpradually approach, so as to regain the 
sphere or mutual attraction. Thus from a fluid, the metal, 
as it cools becomes a semifluid, or soft solid, and when the re- 
pulsive power of the heat is so weakened, by its loss, that it is 
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completely overcome by the attraction of the particles, then 
the metal' becomes solid as before. Tlie forging of iron de- 
pends on this principle ; its particles being- so far separated 
by the heat, as to move among themselves by the blow of the 
hammer. 

IT- As causing, or increasing the elasticity of bodies, 
caloric combines with the particles of some substances, 
so as not only to destroy their cohesion, but so as to 
throw them completely beyond the sphere of each oth- 
er's attraction. 

Illus. In all the permanently elastic fluids, as the atmos- 
phere, and the gases, the substances of which these bodies are 
in part composed, are united to, or dissolved in, such propor- 
tions of caloric as completely to prevent their particles from 
coming within the sphere of mutual attraction. On this cir- 
' cumstance their permanent elasticity depends ; nor has the 
most powerful compression to which they have ever been 
submitted brought their particles near enough to each to 
feel the attractive influence. On the contrary, the particles 
of those substances repel each other at indefinite distances. 
Thus the receiver of an air pump may be considered as full 
of air if it contains the least quantity, because as a part is re- 
moved, what remains instantly expands and fills its place, and 
this takes place until a perfect vacuum is formed. 

It is on this principle that a celebrated writer has calcula- 
ted, that if the jiressace of the atmosphere could be removed, 
a cubit foot of air on the surface of the earth, would fill all 
the space between us, and the fixed stars. 

OF THE EXPANSIVE POWER OF CALORIC. 

18. In general, all bodies are expanded by an increase 
of temperature and contracted by its diminution. The 
ratio of expansion however differs greatly in different 
substances. Thus liquids expand by the same degrees 
of heat much more than solids, and aeriform bodies most 
of all. There is a difference also in the same class of sub- 
stances. Thus by the same increase of heat, one solid, 
or one fluid expands more than another. 

Illus. On making experiments on the expansibility of all 
3* 
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the malleable tnetals, and many of their alloys, it has been as- 
certained that no two of them expand equally, when submit^ 
ted to equal increments of heat. 

Exp. 1. Fit to a bar of iron or large iron wire, 9i ring of 
metal so that the bar will just pass through it when cold. 
Then heat pne end of the bar, or wire and it will not pass 
through the ring. 

J. Enlarge the ring, so that the iron will pass it when 
red hot. Then take a bar of copper of the exact size of the 
iron when cold ; beat this red hot and it will be found too 
lai^e to pass the ring. 

CoroL The met^ are expanded by beat, but some of them 
more than others. 

19. The same increase of heat expands some liquids 
more than others. 

Exp. Take two glass tubes terminated at one 
end by large bulbs ; fig. 17, fix a mark about half 
way up the tubes, and at the same height on each ; 
fill one of them up to the mark, with water, and 
tlie other with alcohol ; then place the bulbs of 
both in the same vessel of boiling hot water* — 
Both of the fluids expand and rise up in the 
tubes, but the alcohol rises aboi^t twice as high 
above the mark as the water. 

ZO. The expansibility of aeriform bodies of 
different kinds, is in tlie same ratio, at equal 
increments of caloric. 

Obs. The degree of expansion which a body of this kind 
undergoes, is equal to 1-483 parts of its bulk for each degree 
of Fahrenheit, between the freezing and the boiling points. 

Exp, 1. The expansion of air may be shown by partly fill- 
ing a bladder by blowing into it; then tying the mouth so 
that none of it can escape, and holding it near the fire. The 
bladder soon becomes distended, and may ^be burst with an 
explosion by continuing the heat. 
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2. A more elegant experimeiit k, to 
take a glass tube terminated by a bulb, 
and fill the tube about halfway with wa- 
ter. Then immerse the end oftbe tube 
in a vessel of water, fig. 18, and apply 
heat to the bulb. As the heat rarifies the 
air, the water will be seen to descend in 
the tube. 

21. When we approach an ignited 
body, we become sensible that it emits 
caloric withoot touching it ; and if a 
thermometer be carried nearit, this 
indicated an increase of temperature. 

Obs, The caloric thus imparted is called radiant caloric 
It is not conducted, but passes through space independently of 
other matter with amazing Telocity. Thus the sun radiates 
his beat to the earth at the rate of two hundred thorUsand 
miles in a second. 

23. Radiant caloric, like light is reflected by poliabed 
surfaces, and in respect to the angles of incidence, and 
reflection, it follows the same lawsi' 
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Exp. Provide two circular concave tin mirrors, fig. 19, of 
about 10 or 12 inches in diameter, and two inches deep. 
They s^e made by plani^piff the tin with a round faced pM- 
iahed hammer, and afterwards made as bright as possible by 
robbing with buckskin and whiting. They may be support- 
ed ia the perpendicular position by having sUps of tin solder* . 
ed on their backs, and then &steaed to wooden stands. 
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Place the .mirroi^, being both of the same height, on a ta^ 
ble opposite to e^h other, and about 10 or 12 feet apart. 
Place a screen, made of paper or board between them. In 
the focus of one mirror set the bulb of an air thermometer, 
, or what is better the. differential thermometer, and in the fo- 
cus of the other a cannon ball heated below redness. When 
everj thing is ready, remove the screen, and the thermometer 
will mimediately indicate an increase of temperature. 

By having thie ball red hot and placing the mirrors nearer 
each other, and substituting gun powder for the thermome- 
ter, a very striking experiment may be witnessed. When 
every thing is prepared in this way, remove the screen and 
the powder flashes. 

Obs. Id these experiments the caloric flows first from the 
hot ball to the nearest mirror, which reflects it in parallel 
rays to the other mirror by which they are again renected, 
and concentrated upon whatever is placed in its focus. 

23. The surfaces which are best adapted to the re- 
flection of caloric do not reflect light equally well. 

Exp. On holding before a blazing fire, a glass mirror, it re- 
flects most of the light, while the heat is reflected in a very, 
small proportion, and the mirror soon becomes hot. On the 
contrsu7 if a metallic mirror be substituted in place of the 
glass, it will reflect a great proportion of the heat, but less of 
3ie light, apd will remain cold. 

24. The nature, or colour, of the surfaces of bodies 
has an important influence over their power of radiating 
caloric. 

///tiff. The rate at which bodies cool, so far as their surfaces 
are coDceroed, seems to be in an inverse ratio to their polish, 
or brightness. Thus metallic vessels with polished surfaces 
retain heat longest; if they are tarnished by handling, or if 
the pc^ifldi be destroyed, or if they are paiqted, the rate of 
coobngis increased ; and this in direct proportion as the sur- 
face varies from a polish, or approaches towards a black col- 
our. 

Exp. Take a oannister of tin forming a cube of ^bout six - 
inches. Let a sprout be made on o^l^ide for pouring in wa- 
ter. Paint one side of the cube blacK; destroy the polish of 
another side with sand-paper, tarnish the third by ruobv^ on 
quicksilver, and leave the fourth bright. Then nil the Vessel 
with boiling water and set it in the locus of one of the mirrors. 



CALOBIC. 29" 

and the air thermofneter in the other^ as in the experiment* 
toprore the radiation of caloric: When Qie bright side is 
turned towards the nearest mirror, the thermometer in the 
fdctts of the other, is scarcely affected ; when the tarnished 
side is turned towards it, the thermometer shows that the ra- 
diation is increased, when the black side is turned towards it 
the fluid rises rapidly. The difference between the bright 
and black sides are so great as to be perceptible to the hand. 

CONDUCTORS OP CALORIC. 

25. Solid bodies conduct caloric in all directions, up« 
wards, downwards, and laterally. 

Exp, Hold a rod of iron obliquely over a lamp or fnmace 
and it will be heated both above and below the fire. 

26. Some bodies conduct caloric much mor« rapidly 
than others. 

Exp, Coat with wax the ends of two rods of the same size^ 
and length, one of glass and the otiier of iron, or any other 
metal ; then place the uncoated ends in a vessel of noiling 
water. The wax on the metalUc rod will be melted, whild 
that on the glass remains cold. 

27' .Liquids, and elastic fluids, do not conduct calorio 
but convey it by changing the place of their particles. 

lUui. That portion of the fluid which is nearest the source 
(^heat, is expanded, and rises up, carrying with it a quantity 
of caloric, while that portion which is colder descends, and in 
its turn, is heated and rises, while another portion descends, 
and thus the process goes on as long as the nuid is capable of 
imbibing heat. 

Exp, 1. Take a tall glass jar, or rial, and nearly fill it 
with cold water, and pat into the water some particles of am- 
ber, or any other substance, about the specific gravity of the 
water ; then immerse the jar in a vessel of boiling water. 
The motion of the particles of amber will show two currents 
in the jas, one upwards, along the sides where the heat is 
greatest, and one downward, in the centre. 

2. Take a glass tube, 10 or .12 inches ^ong, dosed at 
one end, and pat into it an inch or two of coloured water, 
and then fill the tube by carefully pouring in common water 
by^ means of a dropping, so as to keep the two strata quite 
distinct. If now tbe upper end of the tube be heated, the 
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water may be made to boil at this part while the two strata 
at the bottom remain undisturbed. But if the tube be after- 
wards heated at the bottom, the coloured fluid will rise up . 
and tinge that above it. 

OF COMBINED, OR LATENT CALORIC. 

28. When a solid is converted into a fluid, or a fluid 
into the aeriform state, a quantity of caloric is absorbed, 
which is not appreciable by the thermometet, nor sensi- 
ble to the touch. This is called combined or latent Ca- 
loric. 

Obs, The quantity of caloric absorbed by melting ice, is 
much more, than can be accounted for by the corresponding 
difference between the temperatures*of the ice and the water, 
as indicated by thelthermometer, or by sensation. A quantity 
of caloric, then, is absorbed by the melting ice ; combines 
with the water, and forms a part of it. Thus water is a com- 
pound of ice and caloric. But the caloric is so confined by 
its intimate union with the water, as not to be given out.du- 
ting its liquid state, and consequently it cannot excite sen- 
sation. The following experiment will illustrate this fact. 
' Exp, Expose a pound of water at 32*^ and a pound of ice 
at3S° in a room the temperature of which is 60**, and uniform- 
ly the same during the experiment. Place the bulb of one 
. thermometer in the vessel of water, and another in that con- 
taining the ice. The thermometer in the vessel of water 
will very soon begin to rise and will gradually reach the tem- 
perature of 60<>i while that placed in the ice will steadily 
continue at 32**, for several hours, or until the ice is entirely 
converted to water ; it will then begin to rise ; and from this 
time, it will take just the same number of minutes, for the 
water in this vessel to reach the temperature of the room, as 
it did in that at the beginning of the experiment. 

.06f. Although during this experiment the ice remained at 
32°, yet it must the whole time have been absorbing caloric, 
because a colder body cannot be in contact with a Warmer 
one without receiving caloric from it. The caloric therefore 
which turned the ice into a liquid, or caused its fluidity remains 
fixed, or latent in the water. 

Corol, The fluidity pf water is owing to a quantity of calor- 
ic which it contains m a latent state. 
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29. During the conversion of liquids into steam or va- 
por, caloric is absorbed. 

Exp. Moisten the bulb of a thermometer with ether, and 
expose it to the air. The mercury will sink, and by repeat- 
ing- it, especially if the evaporation be increased by an air 
pump, it will sink down to toe freezing point in warm weath- 
er. 

Carol. Ether requires caloric to convert it into vapor ; a 
part of which it absorbs from the bulb of the thermometer^ 

Obt. In all cases of evaporation caloric is absorbed. 

30. Steam contains & l^rge quantity of caloric^ in a 
latent state. 

Exp. Let a pound of water at 212^, and eieht pounds of 
iron filings at 300^ be suddenly mixed together, a laige 
quantity of steam will be instantly generated ; but the tempe- 
rature of the mixture will be only 212**, nor will the tempen- 
ture of the steam be higher than this. 

Corol. The steam therefore must have contained in a la- 
tent state all the caloric which the 8 pounds of iron contained 
over 212?^ since neither the mixture nor the steam wa& of a 
higher temperature tlian this. 

Obs. From the experiments of Dr. Black, and others it 
has been calculated, that steam contains near 1000 degrees 
of heat in a latent state, and consequently over, and above 
what is indicated by the thermometer. 

31. When liquids, or elastic fluids pass from a rarer, 
to a denser state, caloric is evolved. 

//JW. When water freezes it gives out the caloric which 
kept it in the fluid state, otherwise it cannot become a solid. 
Dt, Black has long since calculated that ice, in becoming 
fluid, absorbs 140 degrees of caloric which remained latent in 
the water ; this quantity of caloric must therefore be evolved, 
independently of what the thermometer indicates, before the 
liquid (»in become a solid. 

Oits. 1. That water jpves out heat when it freezes is shown 
by the following experiment. 

Exp. Put some water into a thin glass vessel, and-surround 
it witQ a freezing mixture, or expose it to intense cold in 
winter, (the vessel having a small thermometer in it,) ke^p 
the vessel perfectly still, and the thermometer will sink sev- 
eral degrees below the freezing point; if now the vessel be 
shaken, tlje thermometer wilTrise up to 32**, and the water 
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freezes. Many other eiperiments show that water gives out 
heat as it becomes solid. 

The CFolutioD of caloric by the condensation of an elastic 
fluid is shown as follows. 



Es!p, Take a metallic tube, fig. 20, stopped atone 

end, and 5 or 6 inches long, the bore being less than 

half an inch wjde. Fit it to a piston and handle, the 

piston being air tight Have the lower end of the 

^0 piston excavated so as to put in a little tinder. 

If the piston be forced quickly dovm nearly to the ^ 
bottom, the compression of the air produces so much 
heat as to set fire to the tinder. In this way a fire 
may be readily kindled. 



OF SPECIFIC HEAT. 

32. Equal weights of the same substance at the same 
temperature, contain the same quantities of caloric. But 
equal weights of different substances at the same tempe- 
rature contain unequal quantities of caloric. The quan- 
tity of caloric which one body contains, when compared 
with what another contams is called specific caloric?. 
When one body of equal weight contains more than an- 
other, that body which contains the most is ssdd to have 
a greater capacity for caloric than the other. 

Oba, We should suppose, did not experiment teach the con- 
trary, that equal weights of matter, or whatever kind, placed 
in the same room, and under the same circumstances, would' 
contain the same quantities of heat. This however proves 
not to be the case. 

Exp, 1. Mix a pint of water at 100 deg., with another pint 
at 40 deg., and the temperature of the mixture will not vary 
much from 70 deg., which is the arithmetical mean. 

CoroL Equal weights of the same substance at the same 
temperature contain equal quantities of caloric. 

JSxp. 2; Mix a pint of quicksilver at 100 deg., with a pint 
of water at 40 deg., and the resulting temperature will not 
be 70 deg. as in the last experiment, but only 60 deg. 
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Obs, However uoexpected the result mig^ht be, this expert- 
meat proves, that a pint of quicksilver, although it weighs 
about nfteen times as much as the same bulk of water, does 
oot contain so much caloric. In the other experiment one 
pint of water at 100 deg. raised the temperature of another 
pint at 40 deg. up to 70 de^., but here a pint of quicksilicer 
at the same temperature raises the heat of the saine quantity 
of water to only 60 deg. The quicksilver loses 40 deg. being 
100 dee^. when the experiment began, which neverCheless 
raises the temperature of the water 20 deg. This shows that 
it takes a greater quantity of caloric to raise the tempera- 
ture of water through a given number of degrees than it 
does the same bulk of quicksilver. 

Obg. 2 If, instead of equal bulks of the water and mercury, 
we take equal weighis the disparity will be still greater. 

Exp, 3. Mix a pound of water at 100 deg. with a pound 
of mercury at 40 deg. and the heat of the mixture will be 
97^ deg., that is 27^ above the arithmetical mean ; because 
when equal weights of water were mixed, the temperature 
was only 70 deg. Here then the water has lost only 2^ de- 
grees, while the same weight of mercury has gained 67^, 
the temperature of the mercury being only 40 deg. when they 
were mixed, while that of water was 100 deg. 

Corol, The inference to be drawn from these experiments 
is, that water has a much greater capacity for caloric than 
mercury has ; because, by Uie first experiment equal weights 
of the same fluid at different temperatures produced an arith- 
metical mean; but when tbe mercury is used instead of water, 
the temperature of the mixture is much higher than tbe 
arithmetical mean, therefore the water communicates more 
caloric to the mercury, than this does to the water, so that 
at the same temperature, water contains more caloric than 
mercury ; in other words, it actually takes more caloric to 
raise the heat of water a degree, than it does the same quan- 
tity of uiercury a degree, therefore the caloric which enters 
the water to raise it a degree, over and above what would 
have raised the mercury a degree, is contained in the water, 
vid is given out again when the water cools. 

OF THE SOURCES OF CALORIC. 
33. Ttiesources of caloric may be reduced to siX; 
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viz. the suuj combustionf percussion ffrictiottf rnioeturey 
and electricity. 

34. The nm constantly radiates caloric to the earth, 
and is the great fountain of heat to us, and to the whole 
solar system. 

35. Combustion, This supplies the heat made use of 
in the arts, and for culinary purposes. It is given out 
by the oxygen of the atmosphere, as it unites with the 
burning body, and supports its combustion. 

36. Percumon. It is well known that heat is pro- 
duced by the percussion of hard bodies against each oth- 
er. The evolution of caloric is owing to the temporary, 
or permanent condensation of the body struck, in conse- 
quence of which, the latent heat becomes free, or sensi- 
ble heat, as already explained In respect to fluids. 

Exp* 1. Take a piece of soft iron, and strike it smartly sev- 
eral times with a hammer on an anvil. The iron becomes 
hot, and even red hot, if the experiment be well conducted. 

Chrol. The latent heat is forced out of the iron in conse- 
quence of the condensation produced by the blows of the 
hammer. 

Exp. 2. Strike a piece of hardened steel and a piece of 
flint smardy together. Sparks of fire will be produced. 

Corol. The condensation, produced by the percussion, for- 
ces out so much heat as to infiame the small particles of steel 
that are struck off. 

37. Friction. Caloric is evolved, or produced by fric- 
tion. 

Illm, The friction of machinery, where the motion is rap- 
id, frequetly causes so much heat as to set wood on fire. 

Fires may be kindled by rubbing pieces of dry wood smart- 
ly together. 

The wheels of carriages, by turning rapidly on their axle- 
trees, sometimes evolve so much heat as to set them on fire. 

Obs, The principle on which caloric is produced by fric- 
tion is not demonstrated. It cannot be referred to conden- 
sation, because the rubbing of two soft bodies together, pro- 
duces hert, when it cannot be supposed that their densities 
^rc increased, as on rubbing the nand on the coat sleeve, or 

1 rubbing the hands together. Count Rumford, who made 
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a laborious j and varied set of experiments on this subject, was 
led to conclude, tbat the heat produced by friction, could not 
be Connected with the decomposition of oxygen gas, nor 
with the increase of density, nor could it be owing to any al- 
teration in what is called the specific caloric of bodies. Oth- 
ers have also made experiments with a view to determine this 
Question, but as yet no one has pretended to give aiiy satis- 
factory explanation of it. 

38. Mixture. In a great nomber of cases, when two 
substances are mixed together, and enter into a chemical 
union, heat is evolved. This phenomenon is explained 
partly on the principle of increased density, and partly 
on the supposition, that the two substances, owing to a 
different arrangement of their particles, have not the 
same capacity for latent heat when combined, as they 
have in a separate state. 

Exp. 1. Sprinkle water on unslacked quicklime. A tem- 
perature of 800 deg^es may be produced in this way. 

OAf. In this case one of the articles undergoes a great in* 
crease ofUensity. The lime absorbs in slacking, a laiige 
quantity of water, which it retains, and which forms a part of 
its substance. The csiloric therefore which is evolved by this 
experiment, is easily accounited ibr by t^e general law, that 
heat is given out whenever a substance passes from a rarer 
to a denser state. Here a fluid is converted into a solid. 

Exp, 2. In a thin glass vessel, mix at once four parts of 
fulphuric acid and one part of water. A heat much above 
that of boiling water will be produced. 

Obi. On measuring the two fluids before they are mixed, 
and afterwards, it will be found that they have lost a part of 
their bulk by mixture. This is probably owing to the new 
arrangement which the particles of one, or both of the fluids 
take, when they combine with each other, so that the evolu- 
tion of caloric, may be accounted for on the same principle 
as in the last 6xpenme&t. It is probable also that in both of 
these cases, there is a loss of capacity for caloric in one or 
both the substances. 

39. Electricity. Whenever two bodies in different 
electrical states are brought near each other so as to pro- 
dace a discharge of electric fluid through air, there is a 
flash of light attended with heat. 
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Obs, Tbe cause of this heat according to the theofy of Sir 
Huixiphrey Davy, (who considers tbe two electrical states as 
two distinct fluids) is the union of the two electricities, the 
positive and negative. These fluids while separate, says the 
theorist, produce no phenomena, but when they unite they 
lose their electrical properties, and constitute heat. 

It is well known that the heat produced by a large galvanic 
battery, is more powerful than has been produced by any 
other means. 

LIGHT. 

Obs, The properties of light, its laws of reflection and re- 
fraction, and its effects on the sense of vision, are subjects 
belonging to the science of optics, Chemistr]jr however, 
claims an examination of some of its effects, as being capable 
of producing chemical phenomena. 

40. Light may be decomposed by means of a prism 
into seven primary colours. The heating powers of 
these difierent colours are diiSerent. 

Exp, Take a sensible air thermometer, and move the 
bulb in succession through all the difierent coloured rays, 
waiting at each one for the fluid to rise or fall. The thermo- 
meter will be found to indicate the greatest heat in the r^ 
ray ; next in the green, and soon in diminishing prog^ressioii 
to the violet. 

Obs, When the thermometer is removed entirely out of the 
red rays, but with its bulb still in the line of the spectrum, it 
rises higher than it doe^ in the red rays. These heating rays 
are invisible, so that the prism has the power not only of se- 
parating the light into its primary colours, but also of separa- 
ting the heat from tbe light. • 

41. The prismatic rays of light differ in their power 
of illuminating objects* 

Illus, If an equad portion of each of these rays, one after 
the other be made to illuminate a minute o^ect, a printed 
page for instance, it will not be seen at the same distance, 
when illuminated by each. 

42. Light is capable of being absorbed by bodies, of 
remaining in them for a time and afterwards of being ex- 
tricated unaltered. Such bodies are called solar phos^ 
phori. 
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Obs. A gpreat nmnber of substances are known to have the 
power of absorbing lig^ht, when exposed to the sun, and of 
emitting it again when carried into the- dark. Most sub^ 
stances lose this property in a very short lime, probably in. 
consequence of the emission of all the light they bad absorb* 
ed, but they recover it again on exposure to the light, and 
this may be repeated any number of times. Some particu- 
lar compositions, have the property of becoming so luminous 
in this way as to render mmute objects visible in the dark. 
Canton's phosphorus is of this kind. It is prepared as fol- 
lows. 

£xp. Take common oyster shells, and calcine them in a 
coad fire for an hour, then select the whitest, and purest parts 
which are to be pounded and sifted. Mix three parts of this 
powder, with one part of the flowers of sulphur, and press the 
mixture into a crucible, which must be kept red hot for one 
hour. Then let the crucible cool, and select out the bright- 
est and purest parts, which cork up in a dry well stopped 
vial. When this composition is exposed for a few minutes to * 
the light and then carried into the dark, it is sufficiently lu- 
minous to enable one to distinguish the hour by a watch. 

Obs, 1. The same pr6perty is possessed by several other 
preparations, as Baldwin's and Homberg's phdspborus, in a 
similar degree. It seems also that the diamond has this pro- 
perty. Thus Du !Pay, exposed one to the light and immedi- 
ately covered il with black wax ; at the end of several months, 
the diamond shone in the dark* Sheets of white paper, snow, 
white linen, and many other substances of this colour, ab- 
sorb and emit light, in a greater or less degree. 

2. The extrication of hght is facilitated by exposing the 
solar phospboii to an elevated temperature. Thus after 
Cantoo^s pliosphorus has ceased to shine in the cold, it will 
emit li^hton being heated. Some substances which do not 
otherwise give out light, evolve it, or become phophoresceni 
when heated. Fluate of lime is of tliis kind ; irsome of it, in 
powder be thrown on a hotshovel, it shines in the dark. Se- 
veral kinds of crystallized stones shine on being rubbed in the 
dark : tremolite, and some specimens of quartz are of tliis 
kind. Loaf sugar, when mixed with whites of eggs and dried, 
as is done for tje frosting of cake, gives out much light on 
being scratched with a sharp point. 

43. Light is emitted during chemical changes indepen- 
dent of heat, or in which no heat is perceptible. 
4* 
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Illus. iP&rticalar marine aniinala emit %ht both in the liv- 
ing and the dead states. As instances of the first we notice 
the shell fish called pholasy also the medusa phosphorea^ and 
others of the moUusca species* Marine fishes in general 
when deprived of life emit light. The flesh of quadrupeds, 
during decomposition evolyes a phosphorescent light Among 
insects, are several species which have the power of emit- 
ting light, as the lanthorn-fly, glow-worm, sue. It is well 
known that rotten wood is sometimes so luminous as to ena- 
ble one to tell the hour by a watch. In all the above instan- 
ces, and a great variety of others might be mentioned, there 
is no perceptible heat. 

44. Light seems to be a constituent chemical prin- 
ciple of some bodies, particularly of marine fishes, from 
which it may be separated, retained, and rendered for 
a while permanent. 

Illus, When four drachms of whiting, herring, or macker- 
*^*el, are put into a vial containing two ounces of sea water, 
or of pure water holding in solution half a dram of common ^ 
salt, or two drams of sulphate of magnesia, if the vial be put 
into a dark place, a lamiaous ring appears on the surface of 
. the liquid within three days, and the whole liquid if shaken 
appears luminous, and continues in that state for some time. 

45. Very sensible changes are produced in bodies by 
the absorption of light. ' 

Illus. Plants may be made to vegetate in the dark ; but in 
that case their colour is always white, thev have Little taste, 
and contain but a very small proportion of combustible mat- 
ter. On exposing such plants tO the light, their colour be- 
comes green, their taste becomes much more intense, and the 
quantity of combustible matter is much increased. These 
changes are very obvious, and they depend incontestibly up- 
on the agency of light 

Another very remarkable instance of the agency of light 
is the reduction of the metaUic oxides. If the red oxide of 
lead be exposed to the light,' a part of the oxygen makes its 
escape ; this is also the case with red oxide of mercury. If 
a salt of silver, as lunar caustic, be exposed in the same 
way, it becomes black, and on examining it with a magnify- 
ing glass, the silver is found to be partly reduced to the me- 
tallic state. 

46. Plants emit oxygen gas on exposure to light. 



Exp. Fill a ^lass vesael, as a bell gfkBS, widi water, and 
inFert it on the shelf of the water bath, or in a dish of water. 
Introduce under the vessel, and into the water, some sprigs 
of mint, or any other plant of vigorous growth ; then expose 
the vessel to the action of the sun. Bubbles of oxygen gas 
will be extricated from the leaves of tfaH^ plant, and will rise 
to the upper part of the vessel. 

Obi. This experiment mighH give the pupil reason to sup* 
pose that the presence of water was necessary to induce 
plants to gfive out oxygen, or that it was in seme way con- 
cerned in its extricatum. This however is not the case. 
The water is, necessary, oni^ because we cannot collect the 
gas without it* It is the air contained 'in the water, which 
the plant decomposes, and in consequence of which the gas 
is evolved. Plants during their growth, absorb carbonic 
acid gas which the air contains, and retain the carbon, which 
forms a part of their bulk, but give out the oxygen. In this 
experiment, then, the plant absorbs, and retains the carbon 
which the air in the water contains, and g^ves out the oxy* 
gen gas, ^hich rises to the upper part of the vessel. If the 
experiment is made with boiled water, containing no air, the 
plant does not give out oxygen gas. See Vegetation. 

47* Light has an important^ and curious influence on 
the crystalization of salts. 

Exp. Into a darkened room, let in a ray of light, through 
a small aperture. Expose to this ray a small shallow dish 
containing a strong solution of the sulphate of iron in water, 
one half of the dish being covered with a black cloth so that 
this part will be completely darkened ; set the dish so that the 
light will strike only on the uncovered part Let the dish 
stand in this situation for a day or two, so that the salt shall 
have time to shoot into crystals, or vegetate. On examining 
the solution at the end of this time, it will be found that the 
salt has not vegetated in that part which was covered from 
the light, but in the half only which wai^nincovered. 

48. Light has the power of exploding a mixture of 
the two gasses^ chlorine, and hydrogen. See Chlorine, 
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QUESTIONS ON SIMPLE SUBSTANCES 

What is meant by a simple substance ? 

Whaiis theirnumber ? 

What are the imponderable bodies ? 

How are the ponderable bodies classed ? 

How are these classes divided ? 

"Which among the eartbs are known to have metallic ba- 
ses? 

Why are the known metallic earths^ and thSse of doubtful 
characters arranged together ? 

HEAT. 

What is heat. How does heat differ from caloric ? 
How is it proved that heat seeks an equilibrium ? 
What are the two states in which heat may exist ^ • 
How is it known on touching a body whether it contains ca^ 
loric in a free state ? 
How ^es combined caloric differ, from free ci^LORic ? 

FREE CALORIC. 

Under wh^t views may caloric as a chemical agent be 
considered ? 

What effect does it have as the antagonist to cohesion ? 

Whai happens among the particles of a fusid substance^ as 
the caloric pa^es out? 

How do& caloric cause, or increase the elasticity of bodies ? 

On what circumstance does the permanent elasticity 
of fluids depend ? 

Why may the receiver of an air pvimp be considered as full qf 
air after the idmojit exhaustion ? 

EXPANSIVE POWER OF CALORIC. 

// is said that bodies are eiLpanded by heat^ and contracted 
by cold ; what class qf bodies expand most by the samadncrease 
^heat? 

Do the metals expand alike at the same temperatures ? 

How is this shown ? 

What experiment wiU shmo thai liquids do not em^u^ike 
at the sams rise qf temperature ? .Ift^ 

Do die elastic fluids expand at the same ratiijPw.fcimal 
increasements of heat? ^ 

What is the rate at which ekutie fluids expand? 'r 

How may the expansion of air be shown ? 
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RADIATION OP CALORIC. 

W.at 18 HADiANT caloric ? 

What are the phenomona of radiant eahrig ? 

At what rate does itpcuts through space ? 

It is said that radiant calorie eon be refieded. Describe the 
experiment by which this is done. 

By what routine dots the heat of the ball reach the thermO' 
meter in the focus of the other mirror? 

Do the same surfaces refled caloric and light equally well? ^ 

How is it shown that metals refied heal better than glass? ' 

What effed does the colour of a surface have on the rejledton 
ofheai? 

How is it shown thcU some sulfates refied caloric belter than 
others? 

What must the nature of the surface be to refled most or least 
rapidly ? 

CONDUCTORS OF CALORIC. 

In what 9I&ECTI0N8 do solid bodies conduct caloric P 

How is this shown ? 

How does caloric diffuse itself through liquids and elastic 
fluids? . ' 

How is it shewn that fluids do not conduct, hut convey 
caloric? 

COMBINED CALORIC. 

What happens in respect to caloric, when a solid is con<r 
Ferted into a fluid ? 

What happens when a fluid is converted into a solid ? 

What is said concerning the absorption of eahric^ daring 
the melting'<fice ? 

What &comes of the caloric which is absorbed by the ice? 

How is it shown that melting ice absorbs a quantity of cahric^ 
vthkh is not indiaUedbythei&rmometer ? 

To what is the FLuiDixr of watbii owing ? 

How is it shown that caloric is absorbed during the con- 
version of liquids into vapor ^ 

From whence does the ether obtain calorie in this experiment f 

WhcU is said of the latent ccUoric in steam ? 

How many degrees of latent heat is it eaUulcUed that steam 
tmtnins ? ^ 

When do liquids^ or elasHc fluids eoolve calorit? 
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How is it shown that water gives out heat when it free- 
How is it shown that the compression of air produces heat? 

SPECIFC HEAT. 

What is understood by specific heat ? 

Do different substances of the same teinperature contain the 
same quantities of heat ? 

What are the experiments elucidating the doctrine of la- 
tent heat ? 

What unexpededfads do these experiments prove ? 

Which has the greatest capacity for heat, mercury or 

WAtER? 

SOURCES OF CALORIC. 

What are the sources of caloric f 

In what way is it shown that percussion produces heat P 
• JFVom whence comes the heat evolved bi/ percussion ? 

On what principle is it, that heat is produced by friction ? 

How does mixture produce heat? 

What is the reason ikat sulphuric add and water mhen mix- 
ed, occupy less spaae than before ? 

What is the 6^ source o/heat? 

How far and in what lespeds are the phenomena of light 
connected with chemistry ? 

Haw is light decomposed ? 

Are the heating powers of the different prismatic rats 
^ike P 

Where with regard to the spectrum is the greatest heating 
power? 

What is said concerning the absorption of light ? 

What are bodies called which absorb, and again give out 
light? 

How is Canton^s phosphorus prepared ? 

What curious property has this substance ? 

What is scad ttf^ihe power of the diamond in this resped ? 

How is ifie extrication of Ught fauiMteAed from the solar 
phosphori? 

Is LIGHT ever extricated without heat ? 

Mention some substances which give out liglU without heal. 

What is said of light as a chemical principle in bodies ^ 

What experiments show this fad ? 
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OP APPINITT. *I7-^ 



What is said of the efpects of light on plakts ? 
Under what circumstances do plants emit o:Jt¥QF. 
What U said of the influence of Kght on the try^ialitatioT^^ 
tails ? 
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49* By the best directed experiments, it has been de^ 
monstrated that all bodies, of which the material mU" 
verse is composed, have a mutual tendency to approach 
each other, and to unite in a single mass. The force of 
this mutual inclination to unite, whether among the mass- 
es of matter or their particles is called attbac tion : and 
it u this force by which the planets are kept in their or- 
bits, and the atoms of bodies are held together. 

50. Attraction is mutual ; it extends to indefinite dis- 
tances. All bodies whatever, as well as the particles of 
which they are composed, are endued with it. It is not 
annihilated by space, but operates at the amazing dis- 
tances at which the planets are placed from the sun, and 
probably between the solar system and the fixed stars. 

51. The cause which produces this reciprocal attrac- 
tion is altogether unknown to us, whether it be inherent 
in all matter, or whether it be the consequence of some 
other agent are questions beyond the reach of human de« 
cision. 

Obs. That the power of attraction really exists is obvious 
from the slightest view of the phenomona of nature. 

ExfD, 1. r lace two globules of quicksilver on apiece of 
dry glass, or any other smooth surface, and push them slowly 
towards each other. When within a certain distance, de- 
pending on the size of the globules they will spontaneously 
run together and form one mass. 

2. If two pieces of cork, or wood, be placed in a dish of 
nrater, near toe centre, and at a short distance from each 
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f «)0r, tbey will be seen to approach with a rapidity of mo- 
^ '^jL^ccording to the proportionate size of eacli. 
'^<'jS)roL These two experiments show that an attractive 
power exists between the masses of matter, and that the force 
of attraction is proportionate to their quantities. 

3. If a small glass rod or stick be dipped into water, or any 
other fluid, and drawn out again, a drop will be found suspend- 
ed at the end of it of a spherical, or round form. 

Obs. The fact that all fluids take the globular form when- 
ever their particles are permitted to arrange themselves ac- 
cording to the laws of cohesive attraction is demonstrated by 
the most common occurences. Thus when water is thrown 
on oil it forms itself into globules. IVhen thrown into the air, 
so as to freeze it cemes down in this form. Shot are made 
bv pouring melted lead from such a height as to permit the 
globules to cool before they reach the ground, &c. 

CoroL The globular form which the drops of fluids assume,* 
is owing to the iQutual and equal attraction of their particles. 
Thus every particle approaches the centre of the drop as 
nearly as possible. Hence no other figure could be formed, 
nor oould this figure be formed by any other law. 

52. The circumstances under which attraction takes 
place are various, and it consequently becomes necessary 
to denote the different phenomona which it occasions by 
distinct appellations. 

53. Attraction o^ gravitation is that force by which 
masses of matter tend towards each other, as when a 
heavy body suspended in the air constantly gravitates 
towards the earth, and if set free will fall upon it. 

54. Affinity of aggregation or cohesive attraction^ is 
that force or power by which particles of matter of the 
same kind attract each other^ and unite so as to form a 
mass. 

Obs. This kind of attraction has nothing to do with the for- 
mation of compound substances, its ciTect beiog simply to 
keep the particles of bodies together, so as (o form solids. 
Thus a lump of copper may be considered as composed of an 
infinite number of small particles cohering together. 

55. Chemical affinity is that power whith brings 
particles of different kinds to uaHe into a mass^ and to 
Ibrm one compound whole. 
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Obs, 1. The diflference between cohesire attraction i^^^ 
chemical affimtjr is easily recognized. Thus io the lu^pir '^ 
copper, the particles are homogeneous and are kept togeibkf 
by the force of cohesion. But if the copper U clissoH^ed in 
nitric acid, this cohering* force is entirely overcoiiic, and the 
particlesofcopper are separated and diffused in the liquid. 
If the solutionis suffered to stand for a time, a new kind of 
attraction b^kis to operate. The particles of the metal and 
those of the acid combine and form a -compound wLdchhas 
none of the properties of the acid, or the metaL This unioa 
is the effect ot chemical aUradion^ or affinity. 

2. It will be remembered that chemical afTinity^nieFd^ 
forces particles of different substances to cofnhinei „^ 

56. Chemical affinity is of two kinds , viz : Ele^Hite^ 
affinity and complex j or what is sometimes called douhh 
elective affinity* It is also called compound affinity, 

57- Elective affinity is that pow^r, or quality iii the 
particles of certain substances which force;^ them to upiEe 
with each other, in preference to uniting with those of a 
third. Thus A B and C being in solution together, 
the particles of A and C elect each other, and uaite to- 
gether while B is excluded. 

Obs. This is one of the most important laws in chemistry, 
and is the basis on which its theories as a science, and its 
practice as an art, are chiefly founded. 

58. Complex affinity is a modificattoB of elective af- 
finity, and depends on the same law. 

06f. In elective affinity only three substances are suppos- 
ed to be in solution ; two of these unite and form a compound, 
while the third is rejected, and remains uncombiaed. In 
complex affinity there is supposed to be at least four ingredi- 
ents dissolved, so that a douoie decomposition and interchange 
of particles can be effected. 

Illiu. If there be dissolved in one vessel some muriate of 
lime and in another some sulphate of soda, when these two 
solutions are mixed, both these salts are decomposed and two 
new ones are formed, the lime quitting the muriatic acid, 
unites to the sulphuric acid andformfi sulphate of lime, while 
the muriatic acid of the muriate of lime, and the soda of the 
tolpbate of soda^ being set at liberty) combine andfonn muri- 
ate of soda. 

5 




4A 

CHEMICAL AFFINITY. 

k^, Ttie kinds of affinity particularly belonging to' 
■i«#Vfiri? the cohesive, elective , and complex, 
rwna^t'-^heBwe affinity is most strongly exerted in solid 
'fcodli^s. h^ force is proportionate to the mechanical 
power reqiur'^'d for effecting their disunion. In a chem- 
kal point of View, this force is to be considered as moilfy- 
tng or couritt^rsLCting tfare force of affinity ; for the more 
strongly the particles of any substance are united by this 
^^jtower^ the less are they disposed to enter into combina- 
^P liot) with those of other bodies. 

^" ^'CM#. The t.ohesion of bodies may be overcome by mechani- 
tai^Wirismt, Ifv heat, and by solution. 
^ Mttu. Tlj+.' coljesion of some substances may be overcome 
by raspinp;-, some by grinding, and others by pulyerizing. In 
many si^bst^uces, one or the other of these modes of break- 
ing up the cohesive force, is requisite before they can be 
brought to enter into chemical union with other homes. 

In most cases that of pulverizing is employed, and the finer 
the levig^tion, the more easily and quickly does the substance 
enter into combination. Thus in the analj/sis of some of the 
ores, it is necessary to reduce them to an impalpable powder, 
before they can be dissolved in an acid, &c. 

Estp. 1. Throw a lamp of Jluor spar into a vessel of sul- 
^phuiic acid and the two substances will scarcely act upon 
each other at aU ; but if the spar be finely pulverized and 
then mingled with the -acid, a violent action instantly takes 
place. 

2, If common salt be thrown into water in lumps, it dis- 
solves slowly, but if it is first reduced to a fine powder, it dis- 
solves in a few minutes. 
' 60. Cohesion may be counteracted by heat in almost 

every substance with which we are acquainted. 

Obs, Heat is the ^reat antagonist power to cohesion, and is 
. capable of ov<ercoming it in every instance, provided its in- 
. tensity be in proportion to the force of cohesion. 

; Illus.. 1. The cohesive force of the particles of qtticksilver 
!s overeom^ at the ordinary temperature of the atmosphere, 
for when this is abstracted, or when tlie metal is exposed to a 
very low tempei-atnre, and the repulsive power of caloric be- 
comes weakened , the attractive force of its particles causes 
- •■ ^o become a solid metaL 
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2. Tin melts, or the cohesion of its particles are destroyed, 
at about 450 deg^rees of heat. Copper fuses at 4587 ^egreoR- 
Platina at 25,177, &c. It is plain then, that at proper decrees 
of beat, solids lose the cohesion of their particles aad become 
fluids. 

Corol. The cohesive attraction depends on temperAtur^ 
and is entirely destroyed at certain .degrees of heat propor- 
tionate to its strength. 

61. Solution is the third mode of counteracting cohe- 
sion. 

Def. The term solution is applied to a very extensive class 
of phenomena. When a solid disappears ill a liquid, or when 
a solid or liquid is taken up by aa aeriform body, if the com- 
pound exhibit perfect transparency^ we have in each instance 
an example ofsokttiorL 

Illus, When common salt is thrown into water it disap* 
pears and we have a solution of salt in water.^ When the 
salt is added until the water can dissolve no more, the solu- 
tion is said to be saturated, 

2. During the process of evaporation at common tempera- 
tures, the water tiisappears by entering into solution with the 
air of the atmosphere. Thus air always contains a quantity 
of water in solution, which it deposits under certain circum- 
stances. 

62. Solutionis the effect of chemical affinity. The 
attraction of the particles of the fluid for those of the solid, 
being stronger than the particles of the latter are for each 
other, the force of cohesion is overcome, and the particles 
of each, enter into chemical union. 

Olis. 1. By evaporating the fluid, the salt may again be ob- 
tained, for as the particles of water leave those of fie salt, the 
cohesive attraction again begins to operate, and solids are 
formed. 

2. When two salts are contained in the sme solnlion, 
which vary in their deffree of solubility , and which have no 
remarkable attraction for each other, they ma/ be obtained 
separate. For bv carefully reducing th6 qimntity of the sol- 
vent by evaporation, the sajt vrhose particles have the great- 
est cohesion will crystalUze first. If both salts are more so- 
luble in hot water than in cold, the crystals will not appear till 
the liquid cools. But if one of them, like common salt is 
equally soluble in hot and in cold water, crystals, will appear 
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«iifAdnrmg the act of evaporation. In this way we may 
jiMpIetely separate nitre from common salt, the crystals of 
^{^ latter being formed during evaporation; while those of 
t&B nitre do not appear till some time after the fluid has cool- 
ed. 

63. Crtstalization is that process by which the par- 
ticles of substances unite together, and form solids of re- 
gular and determinate shapes. 

Obi. As preparatory to this result, it is in all cases neces^a- 
vy l^at the substance to be crystalized should be in a state of 
ttdfl^qp, so that its particles may have free liberty to move 
anraffi^ themselves, and to assume their places according to 
-tiiAiW of affinity. 

Mtu, in ordinary, cases the solvent is water, this being the 
proper menstruum for most of the salts. In other cases it is 
caloric, as several of the metals are capable of being obtain- 
ed in regular crystals when dissolved in caloric, or melted. 
Sulphur may be crystalized in the same way. 

64. In some cases the affinity of a salt for its solvent is 
so strong as not to permit it to separate in the form of 
crystals. 

lUus, This is the case with potash when dissolved in water. 
But if potash is dissolved in a fluid for which it has a weak af- 
finity, it is easily (Stained in crvstals. Thus a solution of 
this adkali in alcohol deposits regular crystals. 

65. In general, a|l crystals composed of the same i»- 
gredienfKj appear under the same forms. In other words 
all the crystals of the same substance are alike in respect 
to their shapes, and the number and quantity of their an- 
gles, these being with certain exceptions, different from 
Uiose of any other substance. 

Illtis, If common salt be dissolved, and slowly evaporated 
it forms regular cubes. If it be dissolved again, it will form 
{ffuresof exacUy the sane shape, and this wiUbe the case 'as 
often as it is permitted to crystalize. 

The crystals of nitre have the shape of a six-sided prism, 
those of alum are eight-sided, &c. In every instance the salt 
assumes tits own peculiar fi^re, and with certain exceptions, 
• every crystal of the same substance has the same number of 
angles, whose quantities when measured are found to be 
equal to each other respectively. 
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Obf. The determinate and inyariable forms under which 
ali the crystals of the saine substance appear is accounted for, 
on tbe supposition that the particles of each substance have a 
shape peculiar to themselves, and that during* the process of 
crvstalization they take the same position in respect to each 
other. In this case it is obvious that the same figure woujd 
be produced in every instance. 

66. From an extensive examination of the forms which 
different substances assume when crystalized, together 
with their chemical analysis, it has been lai^ down as a 
general principle, that identity of crystdUine form is ne- 
cessarily connected with identity of chemical composi" 
Han, 

Obs, Were this principle universally, and without an ex- 
ception true, its discovery would greatly abridge the labor of 
the chemist. For, by an inspection of the form of a crystal 
its composition could be told without analysis, while the anal- 
ysis of an imperfect or broken crystal would indicate the ex- 
act form of the perfect oces. It has however been ascertain- 
ed, that although this rule holds good in general, it has failed 
in particular instances. Thus crystals have been found un« 
der tbe same form which differed greatly in composition, while 
those of the same composition have assumed different forms. 
These facts do not however destroy the general principle, 
which may still be considered as true. 

67' By particular management the crystals of almost 
any salt may be made to assume a much larger size^ and 
more beautiful appearance than is ordinary. 

Illus. Dissolve tiie salt to be crystalhzed in water, for ex- 
ample, alum ; concentrate the solution slowly b^ evapora* 
tioB, to such a degree that it shall crystalize on cooling, which 
may be known by suffering a drop of it to cool on a plate of 
glass, or other substaoce. This being done, put the solution 
aside, and when perfectly cold pour off the liquid portion 
from the mass of crystals at the bottom, and put it into a flat 
bottomed vessel. After having stood for some days solitary, 
crystals of alum will be formed. This being done, crystals 
will befi^in to form at some distance from each other, which 
graduaSy increase in size ; select the most regular of these, 
and place them in a flat -bottomed vessel at some distance 
from each other, and pour over them a quantity of tbe concen- 

5* 
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tr^tied liquid obtained b^ eyaporating asohttion of the alu^i, 
^ it crystalizes on cooling. Alter the position of the crys* 
tal at least e^ery day, with a glass rod, that all the faces may 
be alternately exposed to the action of the liquid : for the * 
side on whilch the crystal rests, or is in contact with the ves- 
sel, never is increased. The crystal will tiius gradually 
grow, or increase in size. When the^ have grown to such a 
size that th^r forms can be easily distinguished, let the most 
p^*fectones be selected, or those having the exact shape yoa 
wish to obtain, «nd pot them ieparatelv in a vessel filled with 
a portion of the same liquid, and let them be turned in the 
manner directed several times a day. By this means they 
may be obtained %sf almost any size we wish. Wben the 
crystal has continued in the liquid for a certain time, the quaiw 
tii^ of aivan held in solution becomes so much diminished, 
that the liquid begins to act upon the crystal, and re^dissohre 
it. This action is first perceptible on the angle? and edges 
of the crystal : they become blunted, and gradually lose their 
shape. Whenever this begins to be perceived, pour off the 
liquid, and replace it by some newly prepared. The crystal 
may be made to grow in length by laying it on its sides, and 
in breadth by placing it on its base, or setting it up. 

68. Chemical affinity like cohesive attraction is 
effective only at insensible distances. 

llius. If the particles of two substances, having afiinity for 
each other, are kept at such a distance, as that we can by 
any means observe space between them, the force of attrac- 
tion does not operate. In this respect chemical affinity dif-> 
fers greatly from attraction of gravitation, which operate^, 
at indefinite distances. Thev diner in this also, that the first 
affect particles only, while the other operates on masses, as- 
well as on particles. 

69. Chemical affinity forces the particles of different 
substances to unite and to form compounds^ which pos- 
sess none of the qualities of the original ingredients. 

Illus, Sulphuric acid and poktshf in a separate state are dis- 
tinguished oy qualities entirely different. Oiie is a solid, 
which being added to bine vegetable infusions, changes their 
colour to g^en ; the other is a liquid which change the same 
colour to red. They are also distinguished by peculiarities of 
taste, and by their aiSerent actions on substances. 
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If we add ooe of^these bodies to the other, in small quanti- 
ties at a time, and after each addition examine the compouod 
we shall fatally attain a certain point at which the liquid will 
possess neither acid nor alkaline qualities ; the taste of the 
compound will be bitter, and it wiUpcoduGe no effect on blue 
regnetable colours. 

Obi, This experiment will serve as an illustration of the ef- 
fects of chemical action in a great variety of cases. In the 
instanoe before us, two of the most caustic and active sub- 
stances with which we are acquainted, by their combination 
produce a third which may be handled, or swallowed with 
perfect safety. The same effe,ctis pi^uced more or less 
completely, b j adding any of the strong acids, to either of the 
alkalies, er alkaline earths. Their action on other substan- 
ces, are weakened, in proportion to the addition, until, at a 
certain point their caustic qualities cease entirely. 

70. When opposing properties are thus destroyed by 
chemical combination, the two substances are said to 
saturate each other, and the precise point at which this 
is effected is called ihepoint of saturation. 

Obg, The caustic properties, of both acids and alkalies, as 
above stated, are entirely destro^^ed by saturation. This re- 
sult is the effect of chemical affinity. The acids and alkalies 
may be considered as having greater forces of attraction for 
each pther, than either has iov any other substance. When 
once combined, therefore, their mutual attraction does not 
permit them to leave each other to act on other bodies. 

Illfis. Nitric acid and potash are each caustic substances. 
They combine with animal and vegetable mattersand destroy 
them. They bum the ilesh, &c. but when they are united, 
all these active qualities cease, and the mild compound nitre 
is formed. Now these active ingredients are still in exis- 
tence as may be shown by decomposition ; for if sulphuric 
acid be added to the nitre, this having a still strong^er siffinity 
for the potash than tlie nitric acid has, the latter acid is set at 
liberty with all its active properties. 

Corol. The neutralizing effect which the acids and alkalies 
have on each other, is not ofiriog to the destruction of their 
active principles, but to their strong mutual affinities. 

71* In all cases of chemical combination, there hap- 
pens a more or less evident change of properties, the re- 
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suiting compound always being in sdtee r^pects different 
from the original ingredient^* 

lllus. 1. When a piecfB of iron is dipped into a mixture of 
sulphuric acid and water^ each of these ingredients are acted 
upon. The water is decomposed by the iron, which absorbs 
its oxygen, and forms an oxide of iron, while the hydrogen is 
set free, and makes its escape. The o^de is then dissolved 
by the add, forming sulphate of iron. 

2. On melting together the red metal copper, and the white 
one zinc, 4h<$ yellow compound brass is formed. It is obnoas 
that by simple mixture the colour of the brass ought to be 
merely a pauer red than the copper, this beings the case when 
two paints of these colours are blended togeth8l% The new 
colmir therefore must be referred to the chemical union of the 
two- ingredients. 

72. In many cases where substances act chemically on 
each other, the fact i% to be known chiefly by observing 
the phenomena which takes place at the time of their ac- 
tiop. 

Illus. On mixing together miUc and water, we observe no 
change of temperature, no precipitate, nor any other circum- 
stance which denotes chemical action. We therefore consid- 
er this as a mixture of the two ingredients. 

But when we mix sulphuric aM and water, there is produ- 
ced a degree of heat much above that, of boiling^ water, and at 
the same time the two substances occupy less bulk than they 
did when in a separate state. Here then it is inferred, that 
chemical action has taken place, although the substances 
have unierg-one neither change of form or colour. 

73. In almost every case of chemical combination, 
there takes place either a change of colour^ a change of 
specific gravity^ a change of temperature^ or a change of 
form, 

74. Change of colour may be observed in a great va- 
riety of cases. The alloys of any two of the metals do 
not exhibit the medium colour between them. The col- 
ours of metallic oxides differ according to the quantities 
of oxygen which they contain. Thus, 100 parts of 
ouicksilver and 4 parts of oxygen invariably give a hla4:k 
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compound, while the same quantity of the metal, with 8 
parts of oxygen, gives a red oxide. 

The purple infusions of vegetables are instantly turned 
green by alkalies and red by acids. Ammonia changed 
the solution of any of the salts of copper, to blue, &c. 

75. Change of specific gravity takes place whenever 
any two of the metals are melted together so that they form 
alloys. In most cases the specific gravity is increased by 
the union. This is also the case with many of the liquids^ 
as alcohol and water, some of the acids and water, &c. 

76. The change of temperature which takes place in 
consequence of chemical action, is most strikingly iUus« 
trated by mixing sulphuric acid and water. The same 
effect is also produced in a greater or less degree, when 
any of the stit>nger acids or alcohol is mixed with water. 
hi many examples a contrary effect takes place, and a 
diminished temperature, or production of cold is observ- 
ed, as when common salt or any other easily soluble salt 
is mixed with ice or snow. 

Obs. When heat is produced by mixture, the two substan* 
€68 are found to occupy less space when united than when se- 
parate. Thus a pint of sulphuric acid and a pint of water do 
not when poured together make a quart. There is conse- 
quently an increase of density. On the contrary, when sub- 
stances on being mixed, pass from a solid to a fluid state, heat 
is absorbed, and cold is produced, as in the example, of mix- 
ing salt and ice. See Caloric. 

77* The forms of bodies are often materially changed 
by chemical combination. 

Exp. 1. Ifequalpartsofalumandsugar of lead be rubbed 
together forcibly in a mortar, they change from the solid, to 
the semifluid form. 

The cause of this change of form admits of an easy solution. 
The bases of the two salts having an affinity for each other, 
they combine on being rubbed together, while the water of 
crystalization, which had become solid by its previous union 
with them, is set free and thus occasions the partial fluidity. 

2. Mix with a saturated solution of muriate of lime in 
water, a small quantity of sulphuric acid, and the two li- 
quids will become solid. 
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This change of form is thus explained. The water remains 
fluid after dissolving a large quantity of muriate of lime. 
When the sulphuric acid is added, the lime quits the muriatic 
acid and unites with it and forms a sulphate of lime. This lat- 
ter salt being insoluble in water, takes a spongy solid form oc- 
cupying most of the vessel in which the expenment is made. 

78* Elective AFFINITY. An important law of affin* 
ity, which is the basis of almost all chemical theory, is, 
that one substance has not the same force of affinity to- 
wards a number of others, but attracts them unequally. 
Thus A will combine with B in preference to C, even 
when these two are presented to A under equally favor- 
able circumstances. Or when A is united to C, the ap- 
plication of B will detach A from C, and we sjiall have a 
new compound of A and B, C being set at liberty. Such 
cases are examples of single dec^position. 

Illus. Into a solution of muriate of lime, let fall a few drops 
of sulphuric acid. The muriate will be decomposed, a ml- 
phate of lime will b^ formed, and the muriatic acid will be 
set free. 

Now if we call the muriatic acid A, and the lime B, we 
shall have A and B combined, forming muriate of lime. On 
adding the sulphuric acid C this first combination is destroT- 
ed, because B has a stronger affinity for C than it has for A, 
consequently B and C unite, while A remains alone in the so- 
lution. 

79. The force of affinity which one body has for an- 
other, IS so different and obvious, as to admit of the con- 
struction of tables, showing at a single view, what sub- 
stance will decompose a primary compound, and what 
again will decompose this, and so on. 

Obs. Thus, taking muriatic acid as a substance for which 
several of the alkalies and earths have affinities, the relative 
forces of attraction will be thus ; placing that which attracts 
it most strongly at the top, and that for which it has the weak- 
est affinity at the bottom. 
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MURIATIC ACID. 

Barytes. 

Potash. 

Soda. 

Lime. 

Ammonia. 

Magnesia, &c. 
Tables of this kind, <m an extensive scale are of great use 
to the practical chemist, as they show at once what substan* 
ces will decompose any given compound, as well as what ape 
inconmatible with each other on this account. 

In the present example, magnesia, being placed lowest in 
the scale, shows that when this is united to muriatic acid, the 
salt, muriate of magnesia, would be decomposed by ammonia, 
because of the two, ammonia has the strongest affinity for the 
acid. By adding ammonia therefore to muriate of magnesia, 
the magnesia would be precipitated and muriate of ammonia 
would be formed. 6^ adding lime to a solution of muriate of 
ammonia, the ammonia would be precipitated and a muriate 
of lime would be formed, and so of the others. 

06f. No chemical facts can appear on first view, more sim- 
ple, or intelligible, than those which are explained by the 
operation of single elecftive affinity. It will be found howev- 
er, on a more minute examination, that this force abstractly 
considered, is only one of several causes which are concerned 
in chemical decompositions, and that its action is modified, 
and sometimes even subverted by counteracting forces. 

80. Although it is ascertained that the affinities of one 
body for a number of others are not all of the same de- 
gree of force ; we are yet ignorant how much the affinity 
of one body for another is superior to that of a third. 
The determination of the precise forces of affinity would 
be an important step in chemical philosophy, for its phe- 
nomena would then be reduced to calculation, and we 
should be enabled to anticipate the results of experiment. 
0b8, That the force of chemical affinity must be prodi- 
^usly great, is evident from its effect in preserving the com- 
bination of watcrr with some bodies, as the alkalies, when ex- 
posed to a violent heat. 

Ulus. Notwithstanding the great expansive force of heat 
and the ease with which uncombined water is turned into 
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steam and driven off b^ it, it appears that in some instances 
the force of attraction is still greater, for, on submitting: pot- 
ash, or soda to the most viol^it heat of a furnace, they still re- 
tain a quantity of water, though water is not ^essential to the 
constitution of these bodies. 

81. Complex affinity, or double elective ajfinityj 
is exerted whenever two compound bodies mutually de- 
compose each other, and by a double interchange of in- 
gredients form two new componnds. 

Obs. It frequently happens that the conpound of two princi- 
ples cannot be destroyed either by a third or fourth separately 
applied ; but if the third and fourth be combined, and placed 
in contact with -the former compound, a decomposition, or a 
change of principles will ensue. Thus when lime is added to 
a solution of sulphate of soda, no decomposition happens, be- 
cause the sulphuric acid attracts the soda more strongly than 
it attracts lime. If muriatic acid be applied to the same 
compound, still its principles remain undisturbed, because 
the sulphuric acid attracts soda more strongly than the muri- 
atic acid does. But if the lime and muriatic acid previously 
combined be mixed with the sulphate of soda a double de- 
composition is effected. The lime leaving the muriatic acid, 
unites with the sulphuric acid ; and the soda, being separated 
from the sulphuric acid combines with the muriatic. These 
decompositions are rendered more intelligible by the follow- 
ing diagram. 

Muriate of Soda. 







Soda. Muriatic acid. 




Sulphate 


Muriate 


of i 


. of 


Soda. 


Lime. 


Sulphuric acid. Lime. 





Sulphate of Lime. 
On the outside of the vertical brackets are placed the oa- 
ginal compounds, sulphate of soda and muriate of lime ; and 
above and below the diagram, the new compounds. The up- 
per line being strait, indicates that the muriate of soda re- 
mains io^olution, and the middle of the lower line being di- 
rected downwards, shows that the sulphate of lime is precipi- 
tated. 
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Ob9* The tnrbid, ormi&y appearance which is seen cm ad- 
ding the clear solutions of muriate of lime and sulphate of soda 
toeetiier, is owin? to the fact that one of the nearly formed 
salts, sulphate of lime, is insoluUe in water, and consequent- 
ly is precipitated, or falls to the bottom of the vessel occa- 
noBiiig IB its descent the torbidness. The same appearance 
is seen ia every eaae where an iipsoluUe (Nsecipitate is form- 
ed by chemical decomposition. 

81. Experiments illustrating chemical affinity. 

Exp. Mix together some olive oil and water in <ayial. The 
oil will rise to £e top of the water, and cannot be made to 
unite with it, there being no affinity between them. But if 
some pieces of potash be added, and the vial shaken, there 
takes place a chemical union between the three substances. 

Obs. The potash having an affinity both for the oil and the 
water, it attracts each with a force sufficient to effect their 
union. In this manner soap is formed. 

83. Bodies do not act on each oth^r unless either one 
i or both are in a state of solution^ or at least contain wa- 
ter. 

Illus. Spread thinly on a piece of tinfoil three or four in- 
ches square, some dry nitrate of copi>er and wrap it up. No 
effect will be produced. Unfold the tinfoil and having sprink- 
led the nitrate of copper with the smaUest possible (Quantity of 
water, wrap the tinfoil up again as quickly as possible, press- 
ing down the edges closely. Considerable heat attended 
with copious red fumes, will now be excited ; and if the ex- 
periment has been dexterously made, sparks of fire or even 
name will be emitted. 

Obs. This shows that nitrate of copper has no action on tin, 
except it is m a state of solution. 

84. Experiments illustrating single elective affinity. 
Exp. 1. Add to a solution of soap in water a few drops of 

sulphuric, or any other acid. The acid will combine with the 
potash ; the oil will be set free, and will rise to the top. 
J Obs, The same effect is produced by those waters which 
naturally contain a small quantity of any acid, as the carbo- 
nic. These waters are called hard and will not wash, be- 
cause the acid which they contain decomposes the soap. 

2. To a solution of camphor in spirits or alcohol, add a 
quantity of water. The mixture will instantly become white 
and turbid, and the camphor will rise to the top in flakes. 
6 
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Obi. The alcohol has a .stronger aitractioii for tbii water 
than it has for the camphor, it therefore leaves the latter aiid 
unites to the former, while the camphor being iosoluble in 
water takes the eolid form, and rises to the top Mcause it is of 
less specific gravity than the fluid. 

85. The properties characterizing bodies when separ- 
ate, are destroyed by chemical combination, and new 
properties appear in the compound. 

Ilhu. Thus, muriate acid and lime, which in a separate 
state have a most corrosife taste, lose this entirely when mu- 
tually saturated ; the compound is extremely soluble, though 
lime itself is verj^ difficult of solution : the acid no longer 
reddens syrup of violet, nor does the lime change it as before 
to green. The resulting compound, muriate of lime also ex- 
hibits new properties. It has an intensely bitter taste ; is 
susceptible of crystalization, and the crystals when mixed 
with snow or ice, generate a degree of cold sufficient to freeze 
mercury. 

QUESTIONS ON AFFINITY. 

What is ATTBACTION ? 

What is the eatue qfaltradion ? 

How will you prove the existence of ATTRACTiOfc ^ 

Hqhd does the spherii^form of the drops of a fluid prove the 
existence ofaUrojtiion ? 

What is attraction of gravitation ? 

What is COHESIVE affinity ? 

Does this kind of affinity operate on the particles, or masses 
qftnatter? 

What is CHEMICAL affinity? 

What is the difference between cohesive attraction and chem- 
ical affioiiy ? 

Hovo is this difference illustrated f 

How is chemical affinity divided ? 

What is elkctive affinity? 

What is COMPLEX afl5nity ? 

Whai is the difference between these two kinds qfaffimh/ ? 

In what doss of bodies is cohesive affinity most strongly ear- 
ertedf. 

How may the cohesion of bodies be overcome ? 

Why are substances more easily soluble in the state of powder 
than in the muss. 
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n tthai M heat the caUagoniHfortB? 

How does HEAT ovorcome the power of cohesion ? 

On whai does the eoheswe aJUrcuMon depend ? 

lo what m«ainer does the heat deatroy ihe cohesion of 
' particles ? 

Wtiat is SOLUTION^' or how is this term applied ? 

^010 doeg a fluid ooereome the eohesive force of the particle* 
of a solid ? 

What is CRTSTALIZATION ? 

What connection has been observed between the chemical 
COMPOSITION, and external forms of crystals ? 

How are the inyariable forms of crystals accounted 
for ? 

Do substcmces of Different chemical compositions ever crystal- 
ize under the same forms 7 

What is the distance at which chemical affinitt is ef- 
fective ? 

Does chemical affinity brings particles of different kinds 
to unite, or those of the same kind ? 

What effect does ehemiealunion have on the cotrosi'oe quaU- 
ties of the adds and alkalies ? 

When is an acid said to be saturated ? 

Does saturation destroy the active principles of an acid^ or on' 
ly restrain its action ? 

What is the general effect which chemical combina- 
tion has on the properties of bodies ? 

Give some iUustrations^of this effect. 

What is Uie difference bmoeen mixture and combination ? 

What are four of the most obvious changes which result 
from chemical combinatious ? 

Give an example' of the change of colour. 

Give €m example of the change o/* specific g^ravity. 

Inyohat cases does e^ng-e of temperature take place ? 

Choe som^ examples of the changes of form. 

Give an illustration of elective affinity ? , 

WIkU will be the chemical effect of adding sulphuric acid to 
a solvHon ^muriate of lime ? 

Draw a diagram to illustrate elective affinity. 

Constrtut a short table showing the relative forces of affinity 
between several substances. 

What are the uses of tables, showing the relative forces of 
affinity? J > -e 

From what circumstance is it inferred that the force of chem- 
ical affinity is great 7 
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Under what circumstances does complex affinity take 
place ? 

Describe the changes of compodHon vskuh take plaee^ wken 
muriate of lime gnd sulphate of soda, are mixed together. 

What is the cause of the turbidaess which attends this mvL*- 
ture ? 



OF THE GASES. 

Def, The name gas is given to Ml the permanently elastic 
fluids, except the atmosphere, which is called air, 

86. The gases are a numerous set of bodies, obtained 
from various substances, chiefly by chemical decomposi* 
tions. They differ greatly fiom each other in some of their 
properties, in others, they are nearly alike. Thus some 
are. acid, some are alkaline; some extinguish flame, and 
some support combustion, &c. Bat they all agree in re- 
spect to that aerial form, and that elasticity which con- 
stitute them gases. 

87* The gases are supposed to consist of solid pon- 
derable particles united chemically to caloric, and per- 
haps to electricity also. The weight of the gases de- 
pends on their solid particles ; their elasticity on the re- 
pulsive pov^er of caloric to which these particles are uni- 
ted. 

Ohs, 1. All the gases agree in the ratio of their expansibil- 
ity by equal increments, of heat. This is one part in 480 for 
every degree of Fahrenheit's scale between the freezing and 
boiling points. 

2. The bulk of a gas is inversely a§ the pressure which it 
sustains. Thus the air j[ which is composed of two gases) at 
the earth's surface sustains a pressure equal to the weight of 
the incumbent atmosphere, which is nearly equivalent to a 
column of mercury 30 inches high. If we double this 
pressure we reduce the air to one half its bulk ; if we 
triple it, to one third, and so in this proportion to any known 
extent. On the contrary, if we remove one half the pres- 
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sure, we double tlie bulk of air, and if we remore nioe- 
tenths of the pressure, we increase the bulk ten times, and 
bo in this proportSoo, to any imaginable extent. 

All the gases are absorbed, in greater, or less quantities, 
by porous substances. Charcoal possesses the highest 
absorbent power, but all substances possessing a certain de- 
gree of porosity, after being exposed to the action of the air- 
pump, absorb certain quantities. The quantity absorbed by 
charcoal, depends on the gas to which it is exposed. Thus a 
piece of red hot charcoal, quenched by plunging it under 
mercury absorbs 90 times its bulk of ammoniacal gas, but 
hardly twice its bulk of hydrogen gas. The other gases are 
absorbed in proportion between these. 

All the gases are also more or less absorbable by water. 
Thus water absorbs several hundred times its bulk of sul- 
phurous acid gas, bat only a very minute quantity of nitro- 
gen. 

Remark. The gasses are probably very numerous. The 
number known at preseat is 43. The following table con- 
tains the most important, and curi<^us among them. The 
right hand column shows the composition of the gases on the 
left. The cross -}- signifies ^^ combined with */ as ammonia 
is composed of 3 parts of hydrogen combined with 1 part of 
nitrogen. 

CLASS I. 

Gases with simple or single bases. 

Oxygen gas. Nitrogen gas. 
Hydrogen gas. Chlorine gas. 

CLASS II. 
Gases with compound bases. 

DIVISION I. 

Compound combustible gases. 

Composed of by volume. 

J^ftme parts parts 

1 Ammonia 3 hydrogen -f 1 nitrogen. 

2 Carburetted hydrogen 1 carbon + 2 hydrogen. 

3 Olefiant gas 1 carbon + ^ bydrogen. 

4 Sulphuretted hydrogen 1 hydrogen + I sulphur. 

5 Phosphuretted hydrogen 1 phosphorus+ 1 hydrogen. 

6* 
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DIVISION II. 

Oxides in the state of gas. 



1. Carbonous oxide 

2 Nitrous oxide 

3 Nitric oxide 



parts 
2 carboQ 



1 oxygen 
1 oxygen 
DIVISION III. 

Acid gases. 



. parts 
+ 1 oxygen. 
+ 2 nitrogen* 
+ 1 nitrogen. 



Carbonic acid 
Sulphurous acid 
Nitrous acid 
Nitric acid * 
Muriatic acid 
Fluoric acid 



parts 
1 carbon 



parts 
4- 1 oxygen. 
1 oxygen -f" ^ sulphur. 
3 oxygep -|- ^ nitn^en. 
5 oxygen -f* ^ nitrogen. 
1 hydrogen -f- 1 chlorine. 
oxygen, with unknown base. 



Obs. The method of 'making experiments on the gases is 
described under the head of ** Chemical Utensils, article, 
gas apparatus." 

OXYGEN GAS. 

88. We have no Jcnowledge of the properties of ox- 
ygen, except in a 6tate of combination. It sometimes 
exists in a solid state, as when it combines with the me- 
tals to form oxides, and sometimes in an aeriform state, 
as when it is united to caloric and light, forming oxygen 
gas* No process has yet separated the oxygen from the 
solid, and the aeriform state at the same time ; the coil: 
sequence is, that the base, or ponderable part of oxygeil 
gas has never been examined in a separate state. 

89* Oxygen is an invisible fluid like air. It has nei- 
ther taste nor smell. Its^pecific gravity 1 103, air being 
1000. It is slightly absorbable by water. It is pro^ 
cured from a great number of substatnces ; and forms 
about one fifth of the atmosphere. 
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Exp» Take a 'quantity of black oxide of mans^aii^ie, patTit 
into a retort, or FloreDce flask, furnished with a tube, (f'.ee 
chemical utensils) and pour on one half its weight of sul- 
phuric acid : mix them together^ and place the rAort, or 
flask over an Argand lamp. The gas comes orer in abund- 
ance, and may be collected over w^ter in th^ usual way, by 
plunging the beak of the retort, under a vessel filled with it* 
See gag apparaim. 

Caution, — When bubbles of oxygen cease to ascend up 
the water in tlie receiver, the retort must be removed, other* 
wise it will be broken by the water which will be forced over 
to fill the vacuum caused by the beat. 

Ohs. The above, is the most convenient method of coUec* 
ting oxygen gas in the small way, and for ordinary experi- 
ments ; where lai*ger quantities are wanted, other methods 
are used. * 

90. Oxygen gas may also be obtained froiD black ox* 
ide of manganese, heated to redness in an iron retort, 
or gun barrel : 

91. From red lead heated in the same way. 

92. From nitrate of potash, (common salt petre) also 
heated as above. 

93. From the leaves of plants, exposed to the action 
of the sun, under a receiver 611ed with water, &e* 

94. All combustibles burn in this gas with greatly ia- 
creased splendour. 

Exp, 1. Fill a glass vessel, a^ an open-mouthed vial with 
this gas ; then as it stands on the shelf of the ^wat^-bath, 
slide a plate of glass under its mouth and set it upii^t, 
keeping the glass in its place. Have ready a wax-taper fix- 
ed to a piece of wire ; light the taper, and sliding the plate 
of glass hastily off, plunge it into the gas. The taper will 
bum with intense brilliancy. 

95. If the taper be blown out, and instantly be 
plunged into the gas, it will be lighted agaui, with a 
slight explosion. 

Obs. As tapers, ready made, cannot always be obtained, 
it was thought worth while to add here, that a strip of cotton 
cloth, or some cottod wick, dipped in melted bees-wax, and 
rolled moderately hard while the wax is cooling, will answer 
every purpose. 



I 
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96* Sf^veral of the metals when heated in a vessel of 
oxygen gas, inflame, and burn with great brilliancy. 

2. Take some thin pieces of zinc, such as are made by 
meeting that metal, and pouring it into water ; place a small 
quantity of them on a spoon, or small dish, made by hammer- 
ing a piece of tinned iron concave, and fixing to it a wire 
handle. Place in the midst of the zinc a grain, or two, of 
phosphorus ; then set fire to the phosphorus, by holding the 
dish orer a candle, and instantly plunge it into a vessel of 
oxygen gas. The zinc will be inflamed and will bum with 
a beautiful white li^ht. 

21 Procure some iron, or what is better, sfeel-wire, or a 
watch-spring; wind it round a slender rod of glass, or wood, 
80 as to coil it up in a spiral form : the turns of the wire be- 
ing about the eigbti]^ of an inch aq[>art. Then withdraw the 
rod, and tie to the end of the wire a piece of thread, dipped 
in melted sulphur^ or bees-wax ; leave the other end of the 
wire strait for a few inches, which must be fixed to a cork, 
in such a manner that the coil wiU hang vertically when the 
cork is in its place. Fill a bottle holding about a quart with 
g - oxygen gas, and set its mouth upwards, cover- 
'^ ing it with a plate of glass. Then light the sul- 
phur, or wax. and introducing the coil into the 
oottle, put the cork in its place. Fig. 21. The 
iron wUl bum with an inconceivably brilliant 
light, throwing out sparks in all directions. Now 
and then a |;lobule of the melted iron • falls 
down and will hrc^ak the bottle unless some 
sand or water beleft at the bottom. See fig*. 

97. All bodies by coftibustion in oxygen gas acquire 
an addition to their weight. 

Illus. If the wire in the last experiment be nicely weighed 
before it is burned and afterwards, if the globules of oxide 
of iron be weighed, it will be found that they weigh more 
than the same quantity of iron did before burmng. 

Expl. The iron in burning absorbs the solid pomierous par- 
ticles of the oxygen gas, which become a part of the oxide, 
while the light and heat with which the gas was combined is 
given out. 

Oxygen gas changes the colour'of blood from black to red. 
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Exp, Pat a little dark-ooloured blood into a vial <of oxygen 
gas, and shake the vial, the Golour will be changed to t^. 

Oxygen gas is the principle of acidity. 

JSxp. Introduce some burning sulphur under a bell glam, 
filled with this gas, standing in a dish, over a small quantity 
of water. The sulphur, as it boms, absorbs the oxygen and 
forms with it sulphuric acid, which is abs(H'bed by tlie water ; 
hence the water will be sour. 

OF OTTROGEN OR AZOTIC GAS. 

98. The term Nitrogen is compounded of two Greek 
words which signify <^ to generate nitre." Jzoty which 
is used to signify the, same substance, means ** life d»- 
priver/' because it destroys the life of any animal which 
is forced to breath it. 

99. Nitrogen is priocipidly distinguished by tits negSi* 
tive properties. It destroys the lives of animals im- 
mersed in it, and insCandy extinguishes flame. It has 
no sensible taste. It is a component part of all animal 
substances. When united to oxygen in a certain pro- 
poi-tion it forms atmospheric air. 

100. Nitrogen gas may be obtained by various meth- 
ods, and from a variety of substances. 

Exp. 1. Mix equal weights of iron filings and sulphur into 
a paste with water, and place tbe mixture in a proper vessel 
o\er water supported on a stand ; then invert over it a bell 
glass full of common air, and allow Uiem to stand in this sit- 
uation a day or two. The paste absorbs the oxygen from the 
air contained under tbe jar, while the nitrogen remains. 

/:l S. Place on a stand in a shallow dish of wa- 

/ ^\ ter, fig. 22, a jMece of phosphorus. Set fire to 
the phosphorus by touching it with a hot iron, ' 
and immediately invert over it a bell of glass. 
The phosphorus absorbs the oxygen by com* 
\ bustioD, and the nitrogen remains. 
^ 3. Put some lean meat into diluted nitric 
acid, and by the action of the acid on the meat 
nitrogen will be extricated. 

101. ^Nitrogen gas has the following properties. 
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It immediately extinguishes a lighted taper. 

Exp, Fill a small jar with this gas, and set it upright with 
a cover on the mouth 5 light a taper, and partly removing 
the cover, plunge it into the gas. The light will be instant- 
ly extinguished. 

102. It destroyii animal life. 

Exp. Confine an insect, or any animal in it and it soon 
dies. 

OP COMMON OR ATMOSPHERIC AIR. 

103. By air is meant any portion of that elastic fluids 
of which the atmosphere is chiefly composed, excluding 
the water and other foreign substances which it contains. 
At this place the air is to be considered chiefly in a 
chemical point of view, without r^ard to the physical 
eflects or properties of the atmosphere at large. 

104. The air in which we live is a permanently elas- 
tic fluid ; invisible, indeed, but easily recognised by ks 
motion, or lis resistance to motion. 

Obs. It is composed of two ^ases, oxygen and nitrogen* 
probably in a state of chemical combination. The oxygea 
composes about one-fifth, and the nitrogen four-fifths of tlie 
atmosphere. When these two gases are separated, their 
properties are found to be totally unlike each other; the 
oxygen being eminently fitted to support combustion and 
life, while the nitrogen extinguishes flame and destroys life.^ 

105. As we are not acquainted with any substance 
which will decompose the air, by combining with the 
nitrogen, while the oxygen remains in its elastic state, 
we are obliged in all cases, to separate the two gases by 
such substances as abstract the oxygen from the nitrogen. 
All combustibles are capable of doing this, with greater 
or less facility. Thus during the burning of a candle, 
oxygen is separated from the nitrogen, and it is on this 
circumstance alone, that its combustion depends'. The 
oxidation or rusting of iron depends on the same princi- 
nle, and in this respect may be considered a slow com- 

ion. 
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106. The analysis of the air, then, consists in a pro* 
cess by which the oxygen is absorbed, while the nitrogen 
remsuns behind, and thus the diminution of bulk will 
show the proportions of each. 

Exp. On a stand placed in a dish of water, put a grain, or 
two of phosphorus ; set fire to the phosphorus dt touchingit 
with a hot iron, and instantly invert over it a bell glass. By 
the combustion of the phosphorus, all the oxygen will be ab- 
sorbed, while the nitrogen remains in the receiver, auod in 
consequence of the absorption, the water will rise in the re- 
ceiver. 

Obs. If the air remaining in the bell glass be examined by 
introducing into it any lighted body as a taper, it will instant- 
}f be extinguished, showmg^ the enture want of that principle 
which supports combustion. If an animal be put into it, it 
soon dies. 

107* To determine the quantity of oxygen absorbed, 
an instrument is made use of, called the EueUometeTf and 
the art, or method of ascertaining the purity of the a^ 
mosphere is called Eudiometry. 

Ob9» 1. Various instruments have been injrented for this 
purpose, and several substances have been employed to absorb 
the oxy^n. 

2. One of the most simple Eudiometers consists of a glass 
tube of an inch in diameter, and 24 inches long, divided into 
one hundred equal parts. The scale may consist of a piece 
of paper pasted on, after which it must be varnished to pro- 
tect it from the water. The tube is closed at one end. In- 
to such a tube, full of common air, put a piece of phospho- 
rus, and stop the open end carefully with a cork ; dien neat 
the part where the phosphorus lies, over a lamp ; it will bum 
rapidly. Let the tube ?et cold and heat it agam ; then when 
it gets cold, put the end stopped with cork under water, and 
witiidraw it so that the. water can enter and fill the space 
I^ by the loss of the oxygen. The water will rise up in 
the tube and show what proportion of oxygen has been ab- 
sorbed, and what proportion of nitrogen remains. Experi- 
ments of this kind have determined that the atmosphere con- 
sisCs of 21 parts of oxygen and 79 parts of nitrogen to the 

'lOO. 

3. It is remarkable, that on examining specimens of air 
in aU countries, and from almost every part of the globe, no 
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perceptible difference in the composition of the atmoi|ibere 
bas been detected. 

108. The synthesis of the atmosphere consists in 
mixing in proper proportions the gases of which it is 
composed, and then submittiflg the mixture Jo the action 
of a burning body. ' 

Exp^ Take two beU glasses of eqfoal capacities, and fill 
tiie one with oxygen and nitrogen, in (the proportions €i 21 
parts of the forner, and 79 parts of the latter ; ^ the other 
With comraon air. Invert both af the same instant over two 
tapers of the same size, and burning alike. The phenome- 
na observed in bo& mil be exactly alike. Tbey wiH both 
give out the same quantities of light, and will go ont at the 
same tiice. 

109* The respkatioD of animak produces the same 
effect on atmospherical air, that combustion does : when 
an animal is inchided in a iimited quantity of air, it dies 
as soon as the oxygen is consumed ; and no gas will 
maintain animal life but oxygen, or a mix'ture which con- 
tains it. 

Obt. Experiment shows that life cannot be sustained where 
a combustible body will not burn ; bence a good j>recaution 
for those who descend into wells, or other places where foul 
air might be suspected, would be, first to let down a burning 
candle. If this will not bum, certain death would attend 
tiie descent. 

The atmosphere is partly supplied with oxygen by the 
growth of pfamtB. See Vegetation. 

OF HYDROGEN GAS. 

110. The term hydrogen is derived from two Greek 
words, and signifies, ^^ to become," or ^^ produce water," 
because when combined with oxygen, it forms water. 

111. Hydrogen, in a separate state, has never been 
examined ; its affinity for caloric being so strong as to 
l^ve it the form of a gas, whenever it is separated from 
its other combinations. In the form of a gas, hydrogen 
is a permanently elsmtic fliiidy possessing very pecuUar 
properties. 
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112. By thti union of its base, with the base of oxy- 
gen, water is formed, while the light and heat of both 
are given out. It is the lightest of all substances whose 
weight we are able to estimate. It is not fitted for res- 
piration. It is obtained by the de(5om position of water, 
from which alone it originates. 

Exp. 1. Take some zinc, 
granulated by melting and 
pouring it into water, or some 
iron wire, or iron filings, put 
it into a retort or flask, fi^. 
23, and pour on sulphuric 
acid, diluted with ^ve or six 
parts |of water. A riolent 
effervescence will ensue, ow- 
ing to the escape of the gas 
^ through the water. The gas 
may be collected^ in the usual manner. See figure. 

Obs. The production oC hydrogen by the above experiment, 
depends on the decomposition of the. water, by means of the 
zinc, or iron and the sulphuric acid. The metal has an at- 
traction for oxygen, which it obtains from the water ; this 
forms an oxide of the metal, which is instantly dissolved by 
the acid ; the surface is thus left clean, and exposed to the 
water from which it attracts another portion of oxygen, 
which is dissolved as before. In consequence of the ab- 
sorption of the^ oxygen from the water, the hydrogen, is set 
free, which, uniting with caloric, appears in the form of 
hydrogen gas. ^ . 

Exp, 2, Place a gun barrel in a furnace so as to heat it 
red hot in the middle ; connect to one of its ends, by means 
of a tube, a retort placed over an Arg^nd lamp ; to the other 
end, fix a tube which goes under a vessel inverted in the 
water-bath. Make the water in the retort boil so that the 
steam may pass through the red hot gun barrel. Hydrogen 
will be produced, and will pass into the inverted vessel. 

Obs. Red hot iron has a strong attraction for oxygen. In 
the last experiment the oxygen of the water unites to the 
iron, while the hydrogen being set free, unites to caloric, and 
is obtained in the form of hydrogen gas. 

113. Hydi'ogen is albout 13 times lighter than air. 
Its levity may be shown in various ways. 

7 
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Exp, 1. Fill with fhis gas a bladder furnished with« tube 
and stop-cock, and adapt to this, a commoo tobacco-pipe. 
Dip the bowl of the pipe into a strong solution of soap in 
water, and by pressing the bladder blow up bubbles. These, 
instead of descending to the ground, will rise rapidly in the 
air. 

Obs. It is with this gas that balloons are filled. They rise 
through the air on the same principle that a dry piece of 
wood rises through water, or that a leaden bullet will rise 
throueh ouick-silver, viz. by being of less specific gravity 
than ue fluid which surrounds them. 

£xp. 2. The above experiment may be varied by charging 
the bladder with two parts of hydrogen' and one of oxy^n 
gas. Bubbles blown with this mixture, take fire on bemg 
touched with a lighted taper, and detonate with a loud re- 
port. 

Caution, Detach the bubble completely from the pipe be- 
fore it is touched bv the taper, otherwise a dangerous acci- 
dent may happen from the explosion of the contents of the 
bladder. 

114. This gas, though inflammable itself, extinguishes 
burning bodies. 

Exp, 3. Fill a small jar or tumbler with it, and keeping 
the vessel inverted, bring it over a burning taper ; then sud- 
denly depress the vessel so as to surround the light with the 
gas. The taper will instantly be extinguished. 

Obt, Hydrogen gas bums only at the point of contact with 
the atmosphere, or with oxy^n gas. ' in other words, it is 
combustible only as it unites with oxygen. Hence, in the last 
experiment, the taper was ^xtinguish^, because being entire- 
ly surrounded by the hydrogen, no oxygen come to support 
its combustion. 

115. When a stream of hydrogen gas is burned ^th- 
in a tube of glass, porcelain, or metal, iQusical tones are 
produced. 
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Exp. 4. Into a convenient vessel, fi^. 34. as a 
glass Dottle, put the materials for making hydro- 
gen. Procure a glass, or metalic tube, with a 
bore about the size of a small pin ; pass the tube 
through the cork of the bottle, and inflame the gas 
*at the end of the tube. Then take a glass tube 
about 18 or ^ inches long, and from one to two 
inches wide, and including the flame within the 
bore, pass it down until the tones are produced. 
The tones will be varied as the tube is raised or 
depressed, or by using those of different sizes. 

Caution. Take care not to inflame the hydrogen 
until all the common air has passed out of the bot- 
tle, otherwise an explosion may hsf^pen. 

llfiT Whenever hydrogen is barned water is produ- 
ced* 

Exp. 5, Let hydrogen be burned at the end of a small ori- 
fice, as in the last experiment, and instead of the glass tube, 
hold over it a tall receiver, perfectly dry. In a few min- 
utes the receiver will be covered with a fine dew. 

OF WATER. 

117. Water is composed of two parts of hydrogen, 
and one of oxygen. 

Obt, It has been stated under the article hydrogen, that 
when that gas was burned, water was always produced. 
The burning a^ hydrogen consists in its rapid union with ox- 
ygen, and the simultaneous extrication of the light and heat 
with which they were united, so long as the^ remained in 
their gaseous states. The water then, which is so produced^ 
is a compound formed by the combination of the two sub- 
stances, oxygen and hyarogen. It is not, however, a com- 
pound of the two gases, but only of their bases, or solid pon- 
derable parts. As gases, these solid particles were united 
to caloric, which gives them their properties as elastic fluids. 
When they \inite, this caloric is g^ven out and takes the 
form of sensible heat, and their particles uniting form water. 

118. That water is composed of these two substances 
ean be shown in two ways, viz : by syttf Aem, or the join- 
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luc acparaiiuii ui its ^uusuiucui paiuv^ics 

^ £^.1 

(t ^►===^*'*^^^^^-^ tube in 



ing of its elementary ingredients, and by anwHymi or 

the separation of its constituent particles. 

Ex'p, 1. Fill with hydro- 

s a bladder furnish- 

I a stop-cock and 

Inflame the hy- 

I and introduce the 

into a lar^e |plass 
^. 

''^^B0m^ in the centre of the globe, 

see fig. ;25. As the hydrogen bums^ the rarified and Wtiated 
air will pass off at one of the openings, while the other ad- 
mits fresh air to support tiie oomonstion. In a few minutes, 
the globe, which should be perfectly dry at the beginning 
of the process, will be coirered with moisture on the inside, 
and by continuing the experiment, the water will run down 
its sides. 

2. Expose to the intense cold of winter, a lamp burning in 
a glass lanthorn of about four inches diameter. The sides of 
the lanthorn will be covered with ice. The burning of the 
lamp forms water, the hydrogen being furnished by the oil, 
while the oxygen is absorl^ from the air of the atmos- 
phere. 

06f . Where accuracy is required in the formation of wa- 
ter, the two gases, hydrogen and oxygen, are burned togeth- 
er in a close vessel over mercury. When the two g^ases are 
burned in this way in the exact proportions in which they 
exist in the composition of water, they both entirely disap- 
pear, and a quantity of that fluid is the result of the experi- 
ment. 

119* The analytical experiments on water, are of two 
kind^, viz. such as present us with one ingredient only, 
in a separate and distinct form : and such as present us 
with its two component principles, the oxygen and by« 
drogen, mixed together in the state of gas. 

Ohs. The method of decomposing water by means of zinc 
and sulphuric acid, for the ordinary purpose of collecting 
hydrogen, has already beien described. Water may also be 
decomposed by passing its steam through a red hot gun bar- 
rel, containing dOfls of iron wire, or by passing it through a 
porcelain or iron tube, containing red hot charcoal. In&ese 
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cases, howeFer, only the hydrogfeo is obtained in the meous 
form, the oxygen -faaving ^entered into union witii me iron 
wire.» or the charcoal. 

120. The processes by which the elementary parts 
of water are separated from each other, and are both ob- 
tained in an aeriform state^ as hydrogen and oxygen gas- 
es, are dependant on the agency of electricity. The two 
gases may be obtained in a separate state by a proper 
apparatus. 

Exp. Bend a glass tube into the form 
of a syphon, -as seen in fig. 26. At the 
outer angle of the bend, a small hole 
must be ground so as to let in the wa- 
ter. Bow ends of the tube are stop- 
ped with corks, through each of which 
passes a wire, ooefrom the positive and 
the other from the negative end of 
a galvanic battery. The wires pass 
down nearly to the angle of the tube, 
as in the figure. They must be made 
of a metal not oxidable, as gold, or platina. The tube is filled 
with water, and the bended ^part immersed in a dish of the 
same fluid. 

121. When a stream of galvanism is made to pass 
through the water between the 'points of the two wires ; 
by connecting these with each end of the battery, th^ 
water is decomposed, and the two gases rise in a separate 
state, into the legs of the tube, oxygen being found in the 
leg connected with the positive wire, and hydrogen in 
the other. 

Obs. If after the above experiment, the contents of each 
tube be taken and burned, water is again formed ; so that 
these two processes afford the most positive proof that water 
is comyiosed of oxygen and hydrogen. 

122. Water is often decomposed in small quantities 
by being kept for a long time in^wooden vessels. 

0&. The wood combines with its oxygen, and probably 

with a part of its hydrogen, and again gives out carburetuSd 

hydrogen^ hence the disagreeable smell which is emitted from 

wa(tar long kept in aa^ks* If the cask ^s charred on the in- 

^ 7* 
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side, as is now done preparatory to ptitting up water for long 
voyages, this etfectis not produced. 

OF CHLORINE OR OXYMURUTIC ACID GAS. 

123. This gas is of a greenish yellow colour and henc« 
its name, the Greek word from whence it is derived sig« 
nifying green. It has m extremely pungent and suffo- 
cating smell, so that it is not only disagreeable, but dan- 
gerous to breathe only a few bubbles of it. It b more 
than twice as heavy as air. At the temperature which 
congeals quicksilver it takes the liquid form, and is con- 
densed on the sides of the vessel. It is obtained by the 
following process. 

Exp, Into a t\ibulated retort introduce eight ounces of 
muriatic acid, and three ounces of fiuisly powdered black- ox- 
ide of manganese, and apply the heat of a lamp. The. gas 
may be received over water in the usual way. 

Caution. Great care must be taken not to let the smallest 
quantity escape in the room. 

124. Chlorine gas when perfectly dry has no effect oik 
dry vegetable colours. But in its ordinary state, as when 
collected by the above process, all vegetable colours are 
destroyed by it. 

Exp. 1. Introduce into a receiver of this gas a piece of pa- 
per stained with litmus, or tincture of red cabbage, or some 
of the purple paper which surrounds loaf sugar. In a few 
mioutes the colour will be discharged. The colours of flow- 
ers, as a rose will be discharged in the same way. 

Obs. The property which chlorine has of discharging col- 
ours, first suggested the idea of its employment in the bleach- 
ing of cotton, and linen goods, and it is now extensively em- 
ployed for these purposes. 

125. Most of the metals when introduced into this gas 
in a state of minute division inflame spontaneously, 

Exp. 2* Fill a deep bottle with this gas and set it upright 
with the mouth covered. If a little sand be poured into the 
bottle, it will prevent its breaking. Have ready some anti- 
mony in powder ; slide the cover off and pour in the antimony. 
The metal will take fire before it reaches the bottom^ and 
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will burn with a white and beautiful flame. Crold or silver 
leaf, tbiD plates of copper, iron filings, &c. will take fire in 
the same way. 

126. When a mixture of chlorine and hydrogen is ex- 
posed to the direct rays of the sun, it explodes with great 
vif^nce. 

Exp. Mix equal volumes of chlorine and hydrogen in a 
glass bottle, taking care to do this in a darken^ room. 
Then cover the bottle to protect it from the light and carry 
it out of doors, and contrive to uncover it, while standing at a 
few rods distance, as by means of a stringy or otherwise. The 
mixture will explode and burst the bottle, which will fly in ev- 
ery direction. 

CauHon. Although it has heretofore been stated that this 
mixture would not explode except in the direct rays of th» 
sun, it has latelv been proved by rrofessor SilUman, that the 
diffuse light of day, even when the sun is obscured, as during 
a snow storm, is sufficient to explode it. 

Note. — Chlorine is placed among the simple substances, 
in obedience to some of the latest and most eminent English 
authorities. There is however still a dispute among chemi- 
cal philosophers whether it be a simple body, or a compound 
of muriatic acid and oxygen. Tbe reader will find the ques- 
tion discussed in Cooper's, and Thomson's Chemistry, in Ure*s 
Dictionary of Chemistry, in Silliman's Journal, and in several 
of the English journals. 

QUESTIONS ON THE GASES. 

What is a gas f 

From whence are the gases obtained ? and by what means ? 

In what respect are the gooses unlike each omer ? 

Jh what respect do they ag^e ? 

Of what do the gases consist ? 

On what do the weight of the g^ases depend ? 

On what does their elasticity depend? 

At what rate do the gases expand by heat ? 

What relation is there between the bulk of a gas and the 
PRESSURE which it sustains ? 

To what extent can the bulk of a gas be reduced by pres- 
sure, or iircREASKD by its removal ? 



7^ aUKSTIONS. 

By what 8ub»tances aref (ke gases absorbed ? 
JVhat number of gases are enumerated ? 
How are they crossed and divided ? 

OXYGEN GAS. 

Why has not thebase^ or ponderable part of oxygen ga§ 
been examined in a separate state? 

What is the taste and smell of oxtchen gas ? 

What is the tommon method of procuring this gas ? 

FFom what substances besides mangasssk can it be ob- 
tained ? 

How is it procuredfrom the lemes ofpUnnis ? 

What are the peculiar properties of this gas? 

What phenomena are produced when xme or iron i* heated 
in this gas? 

What effect does it have on' burning bodies in general ? 

What effect is produced on the weight of a metal when 
burned in this gas ? 

From whence does it gain this accession of weight? 

What new name do the metals acquire after combustion 
in this gas ? 

What effect does it have on the colour tf blood? 

What new compound is formed when sulphur if burned in 
ihegas ? ^ 

NITROGEN. 

What does nitrogen signify ? 
What effect does this gas have on burning bodies ? 
What are its effects on animals ? 

What important compound does it form when mixed with 
OXYGEN gas ? 
How can nitrogen be obtained. 

COMMON AIR. 

What is meant by air ? 
How is it easily reeo^ized ? 

Of what is AIR COMPOSED ? 

What are the proportions of oxygen and nitrogen in the 
air? 
How do these two gases differ when separated ? 
How can they he separated? 
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What is the instrumsnt called by which the Pt7RiTY of 
the atmosphere is determined^ 

Describe one of the most simple evdiometebs and the 
method of asmg it. 

What DIFFERENCE has been detected in regard to the pu- 
rity of the air, at difierent places ? 
^ In what does the synthesis of the air consist P 

What effect does the respiration of animals produce on 
common air ? 

What is the reason that an animal cannot live where a 
combustible will not burn ? 

What PRECAUTION should be taken before decending into 
a place where foul air might be suspected ? 

HYDROGEN GAS. * 

From whence is the word hydrogen derived ? 

In what stcUe has hydrogen been examined 7 

What does the base of this gas form when united to oxy- 
gen? 

What becomes of the heat and light, when these two 
gases are condensed into the form of water ? 

Describe the method of procuring this gas. 

Explain the principle on which it is formed by this ex- 
periment. 

How is this gas formed when water is passed throitgh agun^ 
barrel, 

. What is the comparative weight of this gas and common 
air? 

How may its levity be shown ? 

What caution is advised before setting 6re to bubbles of 
■TDROGBN and oxrOBN ? 

How are musical tones produced by the burning of this 
gas? 

What is PRODUCED in all cases when hydrogen is burned ? 

How is thisfoct shown ? 

WATER. 

What is the composition of water ? 

How does oxygen and hydrogen/orm water ? 

Describe a simple method afformmg water by the burning of 
hydrogen. 

In what manner is water decomposed when we ddtdn only one 
ofitseonstitmnts? 
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By iohcAproeesBeanwe separate ami rekdn boih ef ^ efe* 
mentary principles of water ? 
In what propoitions do oxygen and hydrogen exist in water ? 
Is wood capable of deeomposina^ footer ? 
What gas is, emxtted when water is decomposed by wood ? 
How does wood effect this decomposition ? 

CHLORINE. 

What is the colour ^chlorine } 
Why has it received this name ? 
What is its specific gravity ? 
What %Douldbe the coosequence o/* breathing it 9 
How is Ods gas obUmed? 

What effect does it have on vegetable colours ? 
What effect does this gas have on Vu metals ? 
By what agency does a mixture ^chlorine and hydrpgeo, 
expbde ? 

iVhat precautions are to beusedin making thisexperimesU ? 
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OP IODINE. 

127. The name of this substance is derived from the 
colour of its vapour, which is a beautiful violet, iodine 
signifying this colour. Iodine was accidentally discover- 
ed at Paris in the year 1812. So far as is knowi^ it is a 
simple body. Its form is that of scales resembling those 
ofnoricaceousiron ore. Its colour bluish black with a 
metallic lustre. Its taste is very acid and it is a strong 
poison. When applied tq the skin it leaves a yellow 
stain. 

Obs. This substance is obtained from the ley made from the 
ashes of marine vegetables, or from the substances called kelp 
or barilla which are impure mineral alkalies. 

Exp. Dissolve the soluble part of kelp in water, concentrate 
the liquor by evaporation, and separate all the crystals that 
can be obtained. Pour the remaining liquor into a clean ves- 
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set, and mix with it an excess of sulphuric acid. Boit this li- 

?uul for some ^me, then decant^ and strain it through a cloth. 
*ut the liquid into a small flask, and milt with it as much 
black oxide of manganese by weight as there was sulphuric 
acid- Then attach to the mouth of the flask a glass tube 
closed at the upper end and apply the heat of a launp to the 
flask- The iodine sublimes and attaches itself to the glass tube. 
128. Iodine when heated to about 250 degrees takes 
the form of a gas of a most beautiful violet colour. 

Exp, Put a few grains of iodine into a glass tube termina- 
ted by a bulb, and stop the other end with a cork. If the tube 
be gently heated at the p>art where the iodine lies, it sub- 
limes, and fili^the tube with the violet coloured fas, which 
again attaches itself to its sides where the heat is less, in the 
form of minute shining scales. When the tube is cold nothing 
appears in it except the small shining scales, but whenever 
it IS heated it is instantly filled with the violet air, and this 
may be repeated any number of times. 

Cj gy ^ >'^^ A more pleasinr and permanent 

^ . \ instrument would be a glass tube 
Nw</ with two bulbs, see fig. 27, enclo- 
sing a few grams of iodine, and hermetically sealed. A com^ 
bination of iodine with mercury has been proposed for a pig^- 
ment, and a certain preparation of it has been used in medi- 
cine : in other respects it has not been applied to any useful 
purpose. 

OF PHOSPHORUS. 

129- Phosphorus b an inflammable substance and is 
distinguished by the following external characters. Tbe 
colour is fl^h-red ; it is soft and easily yields to the knife. 
It melts at about 90 degrees Farenheit, and when per- 
fectly dry inflames at 140 degrees. In the atmosphere 
it emits a white smoke which is luminous in the dark. 

130. Phosphorus is obtained from the bones of animal^^ 
, by a long and intricate process. 

Caution. In making experiments with this substance ^at 
care is necessary. If it inflames in contact with the skin, it 
sticks close, and cannot be shaken off*, and will consequently 
produce a deep bum. Sometimes it will inflame with merely 
the heat of the hand ; great caution therefore ought to be ta- 
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ken in cutting, or handling it, lest a small piece get under 
the nail, or on the hand, where it might occasion a serious 
accident. 

131 « Phosphorus may be set on fire by friction. 

Exp. Rub a smidl bit between two pieces of hrown paper 
and if will inflame. 

132. In oxygen gas it bums with a most brilliant and 
beaiitifol white light. 

Exp* Fill a glass jar, or wide mouthed rial with oxygen 
gas, and set it upright, having its mouth covered with a pMe 
of glass. Prepare a kind of spoon maide of a small piece of 
tin and a handle of wire. On the bowl of thb, place a grain 
or two of phosphorus ; inflame it, and instantly plunge it in- 
to the oxygen gas. 

1S3. Phosphorus at common temperatures attracts 
oxygen from the atmosphere, undergoes a slow combus- 
tion, and in consequence gives out light and forms phos- 
phorus acid. 

Exp. 1. Wrap a piece of phosphorus in wet paper, to pre- 
vent the heat of the fingers from setting it on fire ; then write 
with it on a sheet of uie purple paper which surrounds loaf 
sugar. If this be carried into a dark room the characters 
win appear beautifully luminous. After the combustion has 
^ceaied, it^wiU he seen that the characters are still legible, 
the colour being destroyed or changed by the phosphorus 
acid. 

% Put a piece of phosphorus into a small vial half filled 
with olive ou ; then warm the bottom of the vial 'so as to melt 
the phosphorus ; shake the vial now and then, keeping the 
mouth covered. This forms Hqmd phospfumu. If the vial 
4s first warmed, by holding it in the hand, and then the cork 
be removed so as to let in the air, it becomes so luminous as 
to show the hour of night by a watch. This oil may be rub- 
bed on the face, or hands, with safety, and will give a very 
singular appearance in the dark. 

3. Fold a small piece of phosphorus in a piece of ps^r ; 
lay it down, and strike it with a hammer. The friction pro- 
educed by the blow will set it on fire. 

4. Take 8 or 10 grains of oxymuriate of potash, and one 
grain of phosphorus ; put them into a mortar and rub them 
together, violent detonations will be produced. In this exper- 
iment, the materials sire sometimes urown out of the mortar, 
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it IB liierefore advisable to protect the hand with a glore, and 
keep the face out of the way. 

S. About half fill an oil flask with water ; put in two or 
three grains of phosphorus and let the water boil. If this ia 
done in a dark place, balls aod jets of fire will be seen shoot- 
ing about on the surface, affording a very curious spectacle. 
194. Phospborus combines with oxygen in two pro- 
portions, forming the phosphorus and phosphoric acids; 
see acids. 

It also unites with hydrogen, forming phosphuretted 
hydrogen. 

Earn, 1. Make a solution of pure potash in water, with 
which fill a small retort. Put into it a few grains of phos* 
phorus and make the solution boil. Bubbles of phosphuret- 
ted hydrogen will be extricated and will take nre, as they 
come in contact with the air. In making this experiment, 
care must be taken to fill the retort entirely full of the ii« 
quid, otherwise tlie gas will explode, as it reaches the air in 
the retort. The mouth of the retort must be dipped in a hot 
solution of the same liquid. The most convenient way of 
making the experiment, is to cut a 
piece of wood in a triangular shape, as 
m fig. 28; on which the retort is to 'b« 
fastened, while the beak is immersed ia 
the hot solution, and the heat of the 
lamp is applied at the proper place. 

2. Pour about- two ounces of water into a thin rfass ressel, 
and put into it two drams of granunated zinc, and ten grains 
of phosphorus cut into small pieces, then add two thirds of an 
ounce of strong sulphuric acid. This afiTords a very amusing 
experiment. Bubbles |of phosphuretted hydrogen cover the 
surface of the water, taking &re as fast as they reach the 
air. 

135. Phosphorns combines with the fixed alkalies and 
earths, forming a class of compounds called phospkureis. 

Obs. Among those compounds the pkosphurei of lime^ pos- 
sesses the curious property of giving out phosphuretted hy- 
drogen whenever it is thrown into water. 

Exp. To prepare phosphuret of lime, take a gkura tnbe 
about 12 inches long and half an inch in diameter, stoppr * 
at one end. Put first into the tube about a dram of phospo 
8 
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rus, and let it occupy the end that is closed. Then hold the 
tube horizontally and push into it with a wire, pieces of fresh 
burned quick lime, about the size of split peas, until it is 
nearly fuU, taking care that the lime does not reach the 
phosphorus by an inch or two ; then stop the mouth of the 
tube loosely, to prevent the free access of air. Next heat 
the part of the tube red hot where the lime is, by means of 
a chafing dish of charcoal, taking* care to keep the phos- 
phorus cool ; when the lime is red hot, bring a hot iron, or 
lamp, under the phosphorus, so as to sublime it and bring 
the vapor in coritact with the red hot lime. The lime and 
phosphorus will unite and form a compound* of a reddish 
brown colour. ' This is phosphuret of lime. If a few gprains 
of it be thrown into a glass of water, bubbles of phosphur- 
retted hydrogen are soon extricated from it, which take 
fire, with a slight explosion, as fast as they reach the sur- 
£aLce, affording except the smell, a very beautiful experi- 
ffient. 

Oh," It will be observed that water was used in all the 
above experiments, where phosphuretted hydrogen was ob- 
Ibained. It is by its decomposition that the hydrogen is ex- 
tric2tied. In the first experiment, the oxygen of the water 
ilniting with the phosphorus, forms phosphoric acid, which is 
absorbed by the alkali, while the hydrogen being set free, 
ttnites with a quantity of the phosphorus, forming phosphoret- 
ted hydrogen. 

In the next experiment, the hydrogen is furnished by the 
decomposition of the water, by tne sine, and sulphuric acid. 

The phosphuret of lime decomposes the water by uniting 
with its oxygen, while the hydrogen unites to a quantity of 
jJhofinVtorus as above* 

136. Phosphorus readily cooabines with sulphur^ form- 
iog a phcmphuret of sulphur. 

isf. In the natural state, phosphorus is found combin- 
ed » with lime in tbef form of an acid, forming pfaoi^hate 
of liine^^wfaich is 4he composition of bones* 

OF SULPHUB- 

138. Sulphur is a weir known substance of a yellow 
colour, without much taste and without smell unless it is 
heated or rubbed. So far as is knowoi it is a simple 
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body. It exists in nature in great abundance, being 
found in the animal, vegetable, and mineral kingdoms : 
but chiefly in the latter. . 

Obs^ The sulphur of commerce is chiefly dug out of the 
earth in volcanic countries, or in the craters of extinct vol* 
canoes. It is deposited in these places by sttbltmaMon^ being 
brought up by the heat from the depths oelow, where it ex- 
isted in combmation with metallic substances. It is also ob- 
tained, of an inferior quality, during the process of refining 
copper ore. 

139- When sulphur is heated to a little above the tem- 
perature of boiling water, it melts and becomes com* 
pletely fluid. But it is a singular fact, that if the heat be 
raised muth above this, it again becomes solid, and be- 
comes fluid again as the temperature is reduced. 

If after it Is melted, it is sobered to cool, it shoots into 
crystals. 

140. When sulphur is in complete fusion, if it is pour^ 
ed into^water it becomes soft and tenacious like wax. 

Obs. in this state it is made use of to take impressions 
from medals and eu^^yed stones, and as it soon becomes 
bard, it will retain th3 impression for any length of time. 

141. When sulphur is exposed to a heat of about 300 
degrees, it sublimes^ or is converted into vapor. 

Obs. In this state it is called Jlowers of sulphur, and differs 
from brimstone only in being more pure, and in a state of 
minute division. 

142. Sulphur combines with the earths, alkalies, and 
metals, and forms a class of compounds called sulphuf^ 
ets. 

143. It unites to oxygen in two proportions and 
forms two acids, the mlphfurous and aulpkurici see 
acids. 

144. It unites with hydrogen, forming suipkurettei 
hydrogen This substance is extricated from animal 
substances during: their decomposition, and is chiefly the 
cause of the disagreeable smell. 



S4 09 CAXBOK. 



OF CARBON. 



145. Carbon is a constituent of all v^etable and ani- 
mal substances. When perfectly pure and crystallized, 
ft constitutes the most costly of all substances, the dia- 
mond. 

Obs, If caxboD could be crystallized by art, the diamond 
would immediately lose a great part of its value. But as yet, 
this has been effected in the labratory of nature alone. 
, 146. The method of making charcoal is by submitting 
wood, to a red heat, having it covered from the contact 
of the air. 

Example. Expose wood of any kind, stripped of its bark, 
to a red neat in a ckwe vessel, till vapors cease to issue, and 
you obtain a black, opake, brittle substance, easily rechiced 
to powder, and without taste or smell. This is charcoal. 

C>6r. If you pound it and wash away the salts it may con- 
tain by dilute muriatic acid, and afterwards, by repeated ef* 
fusions of cold water, and then dry it at a low red heat, you 
obtain it sufBciently pure for experiment. Common char- 
coal dried in an oven will do, where great nicety is not re- 
quired. 

147. Charcoal is fixed in the fire, no degree of being 
able to produce any change on it, so long as the ahr ii 
excluded. 

Obs, When newly made, it will absorb about 90 times its 
own bulk of ammoniacal gas, and certain, but less quanti- 
ties, of any other gaseous substance. 

148. It attracts from the air a quantity of water, which 
it strongly retains. The powder of fresh charcoal, is . 
strongly disposed to unite to the odorous partides of bodies 
and the coloring matter of v^etables : hence it may be cm- 
ployed to correct the bad smell of corrupted water, of 
oiled siik bags, of ill conditioned ulcers, and of decayed 
leetb, when used as a tooth powder : it is employed to 
depri^ vegetable infusions and other substances used in 
chemistry, of their colour, and for giving mellowness and 
maturity to newly distilled spirits. 
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Obs, Its principal use is as fuel, but it alvrays mjght to b6 
rememberod, tt at the gas which arises fiom burning char- 
coal, is the most insidious and deleterious that can be inhal- 
ed. 

149. Charcoal when peirfeclly freed from saline and 
earthy matters, may be considered as pure carbon, dii^ 

-fering from the diamond only in form and colour. 

150. Charcoal has the quality of rendering putrid 
substances sweet, and preserving animal substancesiirom 
putrefaction. 

liitu, 1. Let putrid water, as from a ditch, be passed 
through a few inches in depth, of pulverized charcoal. It 
will come through perfectly sweet, and fit to drink. 

2. Finely powdered charcoal is of peculiar efficacy as a 
dentrifice, its particles being sufficienuy hard to remove the 
concretions from the teeth, without hurting the enamel, 
while at the same time it destroys the &tor arising from a 
carious tooth. 

3. If meat that is a little tainted be rubbed with fine char- 
coal, it becomes sweet. Fresh meat may be preserved for 
a considerable time, if surrounded with pulverized charcoal. 

For all the above purpoises, it is understood that the char- 
coal is to be fresh prepay, finely pulverized, and perfectly 
dry. 

151. Neither air nor moisture affect charcoal at or- 
dinary temperatures. 

lUus. It ia stated by Mr. Watson, ^that the beams of the 
theatre at He.culaneum, whl^ were converted into char« 
coal above 1700 years ago, are still as entire, as if this 'event 
had happened only yesterday. It is also said, that there still 
exibts charcoal made of corn in the days of Caesar, which is 
in so perfect a state, that the grains of wheat can be distin- 
guished, from those of rye. 

152. Carbon unites to several substances, forming % 
class of compounds called carburets. 

lUus. The substance used for pencils, and improperly call* 
led biack lead, is a carburet of inm, and contams about ten 
parts of carbon to one of iron. The name black lead was 
l^ven it long before its real composition was known^ Steel 
IS a carburet of iron, or a compound of iron and diamond ; 
hence its hardness. The conversion of iron into steel de- 
8* 
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pends OS a qtiaatitT of carbon. which it absorbs from the 
charcoal when it is neated. Case hardening it the superficial 
.conversion of the surftice'of iron into steel, by heatmg^ it in 
contact with animal carbon in close vessels. Bar iron is 
converted into steel, in the same way ; only that powdered 
charcoal is the substance in which it is imbedded. 

153. Carbon is the base of carbonic acid. 

lllus, Vi hen a piece of charcoal is burned, the oxygen of 
the atmosphere unites to the carbon, forming carbonic acid 
gas. It is the same kind of gas which is formed during the 
fermentation of liquors, as beer, &c. and which give them 
their agreeable smartness and pungency. 

154. Carbonic acid may be obtained for the purpose 
of experiment, by extricating it from its natural combin- 
ation with lime. 

Jiius. Put some powdered limestone, or common chalk, 
mto a flask or retort, and pour on sulphuric acid diluted 
with five or six parts of water. The sulphuric acid unites 
with the lime, forming sulphate of lime, or gypsum, while 
the carbonic acid bein^ set free, flies off in the form of gas, 
and may be collected m the usual way ovot water. 

155.' This gas( is nearly twice as heavy, bulk for bulk, 
as atmospheric air. It will neither support flame nor 
animal life. 

lllus. 1. Counterpoise a large funnel of paper in a pair of 
scales, and pour carbonic acid into it from a vessel as you 
would do water, and the decent of the balance will snow 
that this gas is heavier than atmospheric air. 

2. Place a short piece of taper or candle burning, on the 
bottom of a deep tumbler, and pour into the tumbler, some 
carbonic acid, as you would water. The flame will in- 
stautly be extinguished. 

3. If an animal be confined in this gas it dies in a few 
minutes. 

• Obs. When air is so foul as to extinguish a burning body, 
no animal can live in it ; hence, when there is reason to sus- 
pect the presence of carbonic acid in wells or other places, 
a light ought to be introduced before any person ventures. 
If the light is extinguished, a few bucKets of lime water 
throTi'-n down will absorb the carbonic acid. Such precau- 
tion would frequently save the lives of persons, and ought 
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always to be adopted, where there is the least probability 
that foul air might exist. 

156. Carbonic acid combines with earths, alka 
and metallic oxides, and forms a class of compoi 
called carbonates. 

lUui, Among these compounds, carbonate of lime is 
most extensive and important. Limestone, marble, 
chalk, are of this kind ; they are composed of lime, unite 
carbonic acid. Their mildness to the touch and taste, 
pends on this union, for wherever this is driven off 
18 the cas^ in the preparation of quicklime, there remai 
caustic, acid substance. 

157* Caustic lime or potash absorbs carbonic a 
and forms with it carbonate of lime, ^ 

lUus, Prepare some lime water, by pouring hot watei 
a lump of unslacked quicklime. From a bladder furnij 
with a pipe and filled with carbonic acid, force some < 
through a vessel of lime water. The water will insta 
becoihe turbid, and if suffered to stand, will deposit a w 
powder. If the water be evaporated and this powder 
tained and examined, it will be found to effervesce i 
acids, and to have all the other properties of chalk. 

158. Carbonic acid is formed during the process 
respiration. 

Exp. By means of a tube blow some air from the k 
into a vessel of lime water. It will become turbid, an* 
suffered to stand will deposit carbonote of lime. 

159- Carbonic acid is absorbed by growing plar 
the carbon being retained to form the bulk of the pl< 
while the oxygen is again emitted. 

lUus, It is found, that if a sprig of mint or any other 
orous plant, be confiued in a mixture of atmospheric air 
carbonic acid, the acid disappears, and is replaced bj' 
same quantity of oxygen gas. Thus, then, the plant absi 
the gas, retams the solid carbon and returns the oxyg 
Plants growing in the open air, obtain their carbon from 
air of the atmosphere which always contains a proportior 
160. Carbonic acid is formed during the ferraentat 
of beer and other substances. 
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Ulus. It is this gas which gives the sprightly taste to beer, 
porter, &c. It is generated by the fermentative process, and 
frequently in such quantities as to burst bottles and casks. 

% '^ QUESTIONS ON THE SIMPLE SOLIDS. 

IODINE. 

From what is the name of this substance dervoed ? 

What is the form and appearance of iodine ? 

What is its taste and what are Us qualities ? 

From what substance is iodme obtained ? 
^What is the process of obtaining it P 
'*tPiat are the peculiar properties of this substance ? 

PHOSPHORUS. 

WTiat is phosphorus ? 
From what substance is U obtained ? 
What caution is necessary in handling it? 
How ma/^ it be set on fire ? 
How is liquid phosphorus made ? 

What is the consequence (^ rubbing phosphorus with oxy- 
' muriate of potash ? 

What is the process Jor making phosphuretted hydrogen ? 
How is phosphuret of lime made ? 
What are the peculiar properties of this nibstanee ? 
In the formation of phosphuretted hydrogen, by m^eans of 
phc^horus, from whence, comes the hydrogen ? 
Where is phosphorus chiefly faund ? 

SULPHUR. 

Where is sulphur chiefly found ? 

From whence comes the sulphur of commerce ? 

How may sulphur be made soft and tenacious like waa ? 

What is the difference between sulphur and brimstone ? 

What are the substances with whim sulphur combtnes, and 
what are these compounds called ? 

In how many pro|)ortions does it combine with osiygeOy and 
what are the products called? 

CARBON. 

Wliatis GIBBON? 
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In what FOftv doe^ pubs cabbon exist ? 

How is carbon procured ? , j 

What efect doeg heat have on charcoal when it is covered J^ 
Jrom the air ? f « 

What ejfeet does newly made charcoal have on fetid odors y 

What IS said of its use as a tooth powder ? *"' 

What effect does it have on putrid water ? 

What are the effects of air and moisture on charcoal at 
Gommon temperatures ? 

Does mrbon unite vnth other substances ? 

What are these compounds called? i 

What is the tAemical name of black lead ? 

What is the difference between iron and steel ? 

When carbon is burned in oxygen gas, what is the prodadt f 

By wbat other means may carbonic acid gas be fro- 
cured ? 

Mow miueh heam^r is this gas than common air ? 

What effect does it ha?e on flame and life ? 

What precaution ought to be taken before descending mto 
oM wells? 

Wiih what substances does carbonic acid combine ? 

What are the compounds of carbonic acid and a base called ? 

Among these compounds, which are the most important f 

What is formed when caustic lime combines with this 
acid? 

How will you prove that lime absorbs carbonic acid ? 

How it it proved that this gas is formed during the hles- 

POUTIOK OF ANIMALS? 

How it it proved that plants absorb this gas ? 
What ia said of its existence in fermented liquors ? 



OF THE METALS. ( 

161. The metab are the most namerous class ot un* 
decomposed bodies. They are distinguished by pecu- 
liar properties. 

162. They possess a peculiar lustre, which continues 
in the streak, and in the smallest fragments. 
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163. They are fusible by heat, and in fasion retain 
their iustre and opacity. 

Obs. All the metals are fusible at certain degrees of heat, 
• each having ^ts fusible point, which differs from that of the 
rest. 

164. All the metals except selenium are excellent con- 
ductors of electricity. 

165. Many of them may be extended under the ham- 
mer, and are called maUeabh; or under the rolling press, 
and are called lamiiiahle ; or may be drawn into wire, 
and are called ductih. Others are neither to bexlrawn 
under the hamiper, nor extended by pressure, but may 
be^pround to powder in a mortar \ these are called bnt' 
tie metals. 

166. The metals are capable of combining with each 
other, when melted, in any proportion i such compounds 
are called alloys. 

Obs, The closeoess of their texture, their ductility and 
malleability, and the power they have to reflect light when 
polished, fit them for beiog converted into various utensils, 
both for the purposes of common life and the different arts. 

149* The metals, with a few.exceptions, are the heav< 
iest of all bodies. 

Obs, The newly discovered metals potassium and sodium^ 
swim on water. The lightest among the other metals is tin, 
which bulk for bulk, is about seven times heavier than wa- 
ter. Hammered platina is twenty-three times heavier than 
water. 

167. The metals differ in their degrees of brilliancy, 
colour, density, hardness, elasticity, ductility, tenacity, 
condactlbility for caloric and electricity, dilatibility, fu« 
sibility, stability, odor, and taste. 

Obs. None, of the metals, except gold, transmit light. 
This, when hammered so thin as to take twenty-eight thou- 
sand layers to make an inch in thickness^ if held between the 
eye and the light transmits the green rays. 

169* The extensible metals, as gold, silver, jisc. in 
whatever manner their surfaces are increased, if this is 
done with rapidity, grew hot, and crumble under the 
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hammer or press, ana finally refuse to be extended any 
further It then becom«s necessary to submit them to a 
red heat, when they again recover their malleability. 
This process is called annealings and none of the metals 
can be extended to any considerable degree without 'be- 
ing frequently heated. 

* 170. All the metals are converted into a fluid state by 
a sufficient addition of caloric. 

Illus, The degrees of heat at which metals take the fluid 
state, are extremely different; Platina is not to be melted 
by the most intense heat of aYorge ; by the heat of the com- 
pound blow-pipe, charged with oxygen and hydro|^n, or by 
the influence of a powerful galvanic battery, this m«tal is 
fused, and takes the liquid form. On the contrary, mercuiy 
is in a state of fusion under all common temperatures, and 
only takes the solid form when it is exposed to a tempera- 
ture as low as about 40 degrees below the zero of Fahren- 
heit. 

171. The metals, except gold, platina, and silver, un- 
dergo a singular change, on exposure to the air and mois- 
ture, or to air and heat. They lose their tenacity, and 
crumble into powder; and at the same time lose also 
their metallic splendor, but increase in weight. In this 
state they are called oxides. 

Obs, This increase of weight and loss of metallic splen- 
dour, does not occur when the metal is kept in a vdcuuniy 
but is found to arise from the oxygen of the air or water, or ^ 
from both, which unites with the metal, and produces the 
change in question. Thus iron when exposed to the open 
air, and to moisture, ^spontaneously absorbs oxygen, and is 
converted into a brown friable matter, called ru$t. This is 
an oande of iron. 

172. Many of the metals have so strong an attach- 
ment to oxygen, as to part with it with extreme diflicultyi 
being always united with it in the natural state. 

lilvs. Manganese is always found in the state of an oxide, 
and it is only by some of the most powerful agents, that this 
can be extricated so as to present the metal pure and in its 
metallic state. This is the case with several other metals. 
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173. Some of the metals are oxidized with difficulty, 
but they all unite with oxygen at sufficient degrees of 
heat. Hence the metals are all of them combustible 
bodies. 

Example 1. Gold, platina, and silver, are capable of being 
burned, and conrertc^d into oxides, by being submitted to 
the action of the con^und blow-pipe, or the galvanic bat- 
tery. 

2. Copper becomes oxidated by being made red hot, and 
exposed to the atmosphere in that state. 

3. Coiled iron wire when heated for some time to redness 
in the bowl of a tobacco pipe, loses its metalic splendour, and 
crumbles into rust, or oxide of iron. 

4. Antimony, being exposed to red heat, on an iron plate, 
and a stream of oxygen gas pressed from a tube attached to 
a bag containing it, upon its surface, becomes converted, 
with a beautiful appearance, into oxide of antimony. 

5. Zinc, exposed to a red heat in a crucible, is first melted, 
' then converted into an oxide, and finally the oxide sublimes, 

or rises in the form of vapor, and attaches itself to the sides 
of the crucible, in the form of a beautiful white powder. 

174. Metals are not soluble in acids in their metallic 
states, but when first combined with oxygen, they are 
dissolved in acids with great facility. 

Illus, Gold will not dissolve in nitric acid because this does 
not part with its oxygen with sufficient facility to form an 
oxide of the metal. But if a quantity of muriatic acid be 
^ added to the nitric, the gold instantly begins to dissolve, or 
enter into solution, because the muriatic acid imparts its ox- 
ygen to the gold, with which it forms an oxide, and which is 
instantly dissolved by the nitric acid. 

2. If a piece of zinc be thrown into some strong sulphuric 
acid, it will remain undissolved ; but if three or four parts of 
water be added, the metal is attacked with great violence 
and soon dissolved. In this case the water furnishes the ox- 
ygen, by which the zinc is oxidized, and it is then dissolved 
by the acid. 

175. The weight of a metal is increased by being con 
verted into an oxide. 

lllm. If 100 pounds by weight of lead be melted in the 
open air, and kept in fusion, it g^dually absorbs oxygen and 
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is coaTerted into red lead or minium. During^ this process, 
the lead acquires an accession to its weight of about 10 
pounds to the 100, which is the weight of the oxygen, the 
metal had absorbed to convert it into an oxide. 

2. Weigh a coil of iron wire accurately, and then bum it 
in oxygen gas, in the way formerly described. Then weigh 
the oxide formed by the buminr, aad it will be found to 
weigh more than the wire did. When the iron and gas are 
both weighed, the gas is found to bare lost exactly what is 
gained by the iron. 

176. Metals After being converted to oxides, may again 
be revived^ or brought back to their metalic state. This 
process is termed reduction, 

Uhu. This depends on an operation opposite to that of ox- 
idation, and is effected by the addition of substances which 
have a greater attraction for oxygen than the metals have. 
Thus carbon has a stronger attraction for oxjgen than any 
of the metals. Mix therefore the metallic oxide to be redu- 
ced, say the red oxide of lead, with charcoal powder in a 
crucible, and on exposing them to a red h^at the metal will 
be reduoedj and appear in its metallic form. 

Obs, In the reduction of the oxides of metals by charcoal, 
there is a quantity of carbonic acid gas formed equal in 
weight to what is lost by the oxide and the charcoal ; because 
the materials of which the carbonic acid is formed are fur- 
nished by the two substances, the oxygen by the lead, auA 
the carbon by the charcoal. 

177" Some of the metals have so feeble an attraction 
for oxygen^ that when they are converted into oxides^ 
the action of heat alone is sufficient to drive off the oxy« 
gen and reduce them to the metallic state. 

Itlus, Mercury by a long and patient application of a mod- 
erate heat, is changed to the state of a red oxide. If tliis 
red oxide is exposed to a higher degree of heat, the oxygen 
abandons it and flies off in the form of oxygen gas, while 
the oxide is reduced to a metal. 

Illtis. It is on this principle that oxygen gas is obtained 
from black oxide of manganese, which* being exposed to a 
red heat, in a gun-barrel or iron retort, yields it in abun- 
dance. 

9 
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178. The metals unite with sulphur, phosphorus^ and 
carbon, forming compounds called, sulphuretSy pJuMtpkur 
retSf and carburets. 

179* Of all the inflammable bases, sulphur appears to 
have the strongest affinity for metals, and its combina- 
tions with some of them are attended with remarkable 
phenomena. 

Exp. Introduce into a Florence flask, three parts of iron 
filings or copper filings, and one part of flowers of sulphur 
mixed together. Then cork up the flask and place it over 
a lamp, ^ as to heat it slowly. As soon as any redness ap- 
pears, remove the flask from the fire, incandescence will go 
on, the mixture glowing with a red heat, which in the dark 
exhibits a very beautiful appearance. 

Obs, As this experiment can be made without the presence 
of oxygen . gas, it was formerly considered an objection to 
the doctrine, that oxygen is the sole supporter of combustion. 
But the experiment can be explained on the doctrine of la- 
tent heat ; for when the vessel is broken, it is found that the 
two bodies have united and formed a solid compound, viz : 
a sulphuret of iron or copper. The latent heat therefore, 
which the two substances contained, was given out In con- 
sequence of their passag-e into a more solid form. 

1 80. When a metal enters into solution with an acid, 
a compound is formed, which differs entirely from either 
of these two substances. This compound is called a 
metallic salt. 

Obs. When a metal enters into solution with an acid, the 
acid remains transparent as before. This circumstance 
bcrves to distinguish chemical solution from mechanical mix- 
ture, which is always turbid. 

Exp. Pour concentrated nitric acid on some granulated 
zinc, taking care not to respire the vapour. The solution 
wifl be transparent. 

Obs. As the metal dissolves, red fumes are emitted in abun* 
daiice ; these are nitrous add gas. The acid is decomposed 
aiid the metal is oxidated at ihe expense of thftt portion of 
oxygon which constituted nitric acid; the cdnsequcnce is, 
that the loss of this portion of oxvgen converts the nitric 
acid into nitrous acid gas. which flies off as fa^t as it is pro- 
duced. 
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181. The metallic salts are much employed in the arts 
and in medicine. 

Jllus. 1. Sulphate of iroa or what is called copperccs, and 
sulphate of copper called blue vitriol^ are of indispensible uae 
ID the art of dyeing'. 

% Calomel, tartaized antimony, corrosive sublimate, white 
ritriol, sugar of lead, and many other metallic salts are used 
in medicine. 

Obs, The metals while in the metallic state are insoluble 
in the stomach, and consequently are entirely inert as med- 
icines. Thus mercury or silver may be swallowed, without 
producing- any other than mechanical action on the stomach ; 
but if these are dissolved in nitric acid, forming nitratef of 
mercury and silver, they become powerful remedies, and if 
taken in over doses, strong poisons. 

182. The oxides of metals readily unite by fusion 
with glasS) and give to it all the difierent tinges, by which 
it is made to resemble gems, or precious stones. 

Ilhu. Oxtde of g^old when fused with glass gives it the col- 
our of ruby red ; oxide of copper ^ves it a lively green ; 
oxide of stiver the colour of topaz ; oxide of manganese a 
purple ; arsenic an opake white ; cobalt a lively blue : and 
the several oxides of iron under different circumstances, will 
g-ive all or any of these colours, but less vividly. 

Ofts. Flint glass contains lead in a considerable quantity ; 
it renders it soft and more easy to cut, and less apt to break. 
Queen's ware is glazed by litharge. The common glaze for 
stone ware is galena (sulphuret of lead) or CQmmon salt and 
black oxide of manganese. 

1 83. When two or more metals are fused together, 
they enter into chemical combination and form an alloy. 
These compounds differ greatly from the original metals 
of which they are formed. In general the specific grav- 
ity of the alloy is greater than that of either of the met- 
als, and it is also more easily fusible. 

Illu9,\, Two bullets of copper, melted with two of tin of 
equal bulk, form about three bullets of the same size ; but 
these three weigh as much as the four did in a separate 
state. 

Obs, This may be accounted for, by supposing that the 
particles of the two. metals enter into a closer union with 
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each other when combined, than those of either did wbea in a 
separate state. 

2. If eight parts of bismuth, fire of lead, and three of tin be 
melted togetner, they form an alloy which fuses in boiling 
water. 

Obs, This aiFords a very striking instance of the changes 
which the metals undergo by a chemical union with each 
other. In a separate state bismuth fuses at 460 degrees, lead 
at 450 degrees, and tin at 410 degrees ; but when combined 
the alloy fuses at 212 degrees. 

Exp. Make a tea spoon of the above alloy, and let a person 
who knows nothing of the matter put it to the common use. 
Whenever it is dipped into a cup of hot tea, the bowl will be 
melted off. 

184. Alloys are used for soldering. 

Illus. The solder used for gold work is a mixture of gold 
and silver, and for silver, a mixture of silver and copper. 
Flumber^s solder is made of two parts of lead and one or tin 
fused together. f. 

Obv. While other metals are joined by soldering, iron and 
plating are joined by welding. 

185. Compounds of metals are obserred to oxidize 
more readily, than the metals separately. This is also 
the case whenever two metals touch each other. 

Ulus. The copper sheathing of vessels, is soon oxidated 
where the iron nails are driven through it. If quicksilver is 
ruj)bed on tin, the brilliancy of both is soon destroyed. 

Obs. These effects depend on the galvanic action which the 
Inetals have on each other. 

186. Nature rarely presents any of the metals in a 
state of purity ; gold/platina, and silver excepted. They 
are generally found in the state of ores^ being chemically 
combined with sulphur, phosphorus, carbon, acids, earths^ 
or oxygen. 

Obs. jWetals in the state of ores are said to be mineralized 
with the substance with which they are* combined. Thus 
lead is commonly found combined with sulphur, the lead then 
is mincralizfid with sulphur. 

187* The methods adopted for extracting the metals 
"'^om their ores, depend on the nature of the mineralising 

bstanoes, and the kind of ore to be operated on. 
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Plus, Ores of iron, lead, and zinc, and some species of cop* 
per require nothingf but an intense bes^t in a charcoal fire. 
Mercury when combined with sulphur, requires to be distil- 
led with filing^ of iron ; the iron combining with the sulphur 
forms a sulphuret of iron, while the mercury beingdiseng^aged, 
is easily obtained. 

188. Some of the metals are m<zi^a6?e^ that is, may 
be drawn under the hammer. Others ar^ hnttle and 
may be easily reduced to a powder in a mortar. Some 
are easily fused, others are melted with great difficulty. 
Some are called refracUry, because they have never 
been entirely deprived of their oxygen. 

Ohs, The above properties make it convenient to throw the 
metals into four distinct classes. 

Blus. Class 1st, comprehends the malleable metals, which 
are fburtees in number, viz, gold, platinum, silver, mercury, 
palladium, rhodium, iridium, osmium, copper, iron, nickel, 
tin, lead, and zinc. 

Obs, Mercury becomes solid and malleable at 40 degrees 
below zero. 

Class 2d, includes such metals as are Mtile and easily fused, 
viz. bismuth, antimony, tellurium, selenium, and arsenic. 

Class 3d, includes such metals as are brittle and difficultly 
fused. These are cobalt, manganese, chrome, molybdenum, 
uranium, and tungsten. 

Class 4th, includes the refractory metals, so called, be- 
cause they have never yet been exhibited in a perfeectly me- 
tallic form, but always in combination with more, or less ox- 
ygen* These are titanium, coiumbium, and cerium. 

CLASS L 

MALLEABLE METALS. 

189. Gold is a metal of a yellow colour, of the spe- 
cific gravity of 19^ being nineteen times heavier than wa- 
ter, bulk for bulk. It is soft, very tough, ductile and mal- 
leable. 

Ofo. The limits of the ductility and malleability of gold are 
unknown. |t however has these properties to a greater de- 
9* 



9B ootir. 

gree than any oth^ known metaL By the weig^ht and meas- 
ure of the best wrought gold leaf, it is found, that one grain i$ 
made to cover 56} square inches ; and from the speci'fic grar* 
ity of the metal, together with this admeasureroent, it foltowft 
that the leaf itself is only ^e two hundred and eighty thnu« 
sandtb part of an inch in thickness This however ts not the 
limit to which gold- may be extended. The wire which is 
used by the lace makers is drawn from an ingot of silver pre'' 
viously gilded, lu this way, from the known diameter otthe 
wire, or breadth when flattened^ and its length, together with 
the quantity of g^old used, it is found by computation that this, 
covering Qfg^ld is only one 12th part of the thickness of gold 
leaf* though it is still so perfect as to exhibit no cracks when 
riewed by a microscope. 

190. tjroldis melted at a moderate heat, and when flu- 
id is of a green colour. It remains fixed in the fire^ the 
powerful heat of a glass furnace produdng no other effect 
than to keep it in fusion. 

Obs. Other metals, platina excepted, are soon oxidated, 
or turned into vapor at High degrees of heat. Gold will re- 
main in fusion for any length of time without undergoing any 
change. It may however be brought to the state of an oxide 
by means of a powerful galvanic battery, and gold feaf bums 
when introduced into chlorine gas. 

191. Gold is not dissolved by the tiitric, sulphuric, or 
muriatic acids, separately. 

Obs. The proper solvent of gold is a mixture of two parts 
of nitric and one of muriatic acid. This mixture is called 
aquaregia, 

Exp, Put nitric acid into one vessel and muriatic acid into 
another, and throw a little gold leaf into each ; no effect will 
be produced ; but if the two acids are mixed, the gold is iu- 
stanily acted on, and is soon dissolved. 

192. The solution of gold is decomposed by certain 
combustible bodies, which attract the oxygen from the 
gold and restores it to its metalBc state. 

Exp, 1. Into a dilute solution of nitro-muriate of gold, con- 
tained in a glass jar, put a long narrow slip of charcoal, and 
expose the whole to the direct light of the sun. The gold will 
be revived and will cover the charcoal with a coat or the me- 
tal, exhibiting a very beautiful appearance. 
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Ofe. fij' the assislancip of l^t, charcoal absorbs tiieoxy" 
gen froin the oxide of gold, in consequence of which the me- 
tal is deposited^ 

JKxp. 2. Moisten a piece of white taffeta ribband with a di- 
lute solution of ^old, and expose it while moist to a current of 
hyd ragmen gas, from a tube and bladder. The gold will be 
reduced, and the ribbon will be gilded with the metal. By 
means of a camePs hair pencil the gold maj be so applied as 
to exhibit regular figures. 

193. Gold is precipitated from its solvent by ether, 
but the oxide is instantly re-dissolved by the ether, and 
forms an etherial solution of gold. 

Olfs, The etherial solution of gold may be applied to the 
gilding of steel scissor^, lancets, and other instruments, wliich 
it protects from rust, at a very small expense. 

JExp. Into a given quantity of nitro-muriatic solution of 
gold pour twice as much sulphuric ether, shake them togeth- 
er, and let the vessel stand for two or three minutes ; then 
?mr off into another vessel about ope third of the mixture, 
his will be an etlierial solution of gold. To gild with it, 
make a polished steel instrument penectly clean, and dip it 
into the solution, then plunge it into water, to wash off any 
acid there might be in the ether. The instrument will be 
covered with a coat of gold which may be burnished. 

194. Flatinais a white metal resembling silver in 
colour. It is the heaviest of all known substances, its 
specific gravity when hammered being 23. 

Obs. Platina comes chiefly from Santa Fe in South Ameri- 
ca, and consists of small grains or scales, of a colour some- 
what lighter than iron, and extremely heavy. In this state 
it is adulterated by several other metals, aiid requires to be 
purified before it is malleable. 

195. Pure platina is extremely difficult of fusion, but 
when exposed to a white heat it softens so as to be welded 
like iron. 

^ Obs, Platina may bo melted by exposing it in small quan- 
tities to Hare's bbwpipe, charged with oxygen and hydrogen 
gases. 

196. Platina is not oxidated by exposure to air, or to 
the continued heat of a furnace ; neither is it acted upon 
by the most concentrated nmple acids. 



iOO SILVKR. 

Obs, The proper solrent of this metal is aqua regia, com- 
posed of one part of the nitric, and three of the muriatic acid.^ 
The colour of the fluid becomes first yellow, and as the solu- 
tion goes on, it becomes deep reddish brown. This solntion 
is very corrosive and tinges the skin of a blackish brown col- 
our. 

19T' Platina combines with most of the other metals 

by fusion, and forms alloys possessing various properties. 

"lllus. It renders silver more hard, but its colour more dull. 

Copper, when alloved with from l-6th to l-35th part of it, 
is rendered of a golden colour; is much less apt to rust* and 
receives a finer polish. 

With iron it is said to form a compound nmcfa esteemed by 
the Spaniards, for the purpose of making gun barrels, which 
are stronger, and much less apt to rust than iron alone. 

198. Platina is so ductile that it may be drawn into 
wire not exceeding the three thousandth part of an inch 
in diameter. 

199* From its infusibility and the difficulty with 
which it is oxidated^ this melal is of great value in the 
arts, and for making various chemical and philosophical 
instruments. 

Obs. Platina is a remarkably slow conductor of caloric. 
Thus when equal pieces of silver and platina are coated with 
wax, and heated at one end, the wax on the silver will bfe 
melted 3^ inches in the sazne time that only one inch is melt- 
ed on the platina. This property of conducting heat slowly 
has been applied to a very curious, and useful purpose, if 
a coil of platina wire surrounding a cotton wick immersed 
in alcohol, be made red hot, the evaporation and combustion 
of the alcohol keeps it in this state. Thus we have a coil of 
wire constantly red hot without flame, and from which, by 
means of a match, a light niay be obtained at any moment. 

200. SiLVBR is a metal which admits of a lustre inferi- 
or only to that of polished steel. The specific gravity 
of hammered silver is about 11, being about half that of 
platina. In malleability, ductility, and tenacity it exceeds 
all the metals except gold. It is fuzed in the heat of a 
common furnace, and if the heat be raised to the highest 
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pitchy it i8 volatilized, or turned into vapour. By slow 
cooUi^ it may be obtained in regular crystals. 

Obs, Silver may be melted and kept in fusioo wilhoiit beioe 
oxadized ; it is hoirever converted to an oxide by a powerful 
galvanic or electric dischai^e, and by^ bem^ for a long time 
exposed to heat with access of air, it is at length converted 
into an olive coloured glass. 

201. The proper solvent of silver is nitric acid, of 
which it will dissolve more than half its weight. It must 
first be diluted with water. 

Exp. Throw some thin pieces of siIvct into nitrie acid ; 
it instantly begins to dissolve with effervescence, sending 
forth copious quantities of nitrous gas. The solutionis at first 
bhie, but if the stiver is pure the colour disappears, and the 
solution becomes transparent. If coin silver oe used the so- 
lution is green, because this is always more or less adultera- 
ted with copper. 

Obs, 1. This solution is extremely caustic and will tin^e 
the skin, nails, hair, or other animal matter of an indeliable 
black colour. ^^ 

^ When the solution is concentrated by eva^ation and 
then suffered to stand for a few hours in a cool place, crystals 
of nitrate of silver are formed. 

3. These crystals when fused and cast into cylindrical 
moulds, form the lunar caustic sold by apothecaries. This is 
an extremely caustic substance, and will in a few moments 
destroy flesh or skm when suffered to touch it. 

4. Lunar caustic when dissolved in water forms the indeli- 
able ink, sold for the purpose of marking hnen and cotton 
cloths. It also forms uie article sold for colouring hair. 

202. Silver may be precipitated from its solution by 
other metals, and by the cUkaHes or the emrths, 

Dxp, 1. Dissolve some nitrate of silver in pure water, and 
dtp into it a clean and polished slip of copper. The copper 
will be covered witli a coat of silver. 

2. DiancCt silver tree^ is made by precipitatinp^ nitrate of 
ailver from its solution by means of mercury. Mix together 
six parts of a solution of nitrate of silver, and four, of a solu- 
tion of nitrate of mercury both completely saturated. Add a 
small quantity of distilled water ; and put the mixture into 
a glass decanter, containing six parts of an amalgam maae 
with seven parts of mercury and one of silver. In the course 



102 MERCURY. 

ofsome hours there appears small sMdid^ scales of reduced 
sflyer, which shoot out in the form of a tree, producing a very 
beautiful appearance. 

3. Prepare some silvering* powder as follows. Precipitate 
silver, from its solution in nitric acid, bj dropping into it plates 
of copper. Take 20 grains of this powder and mix with it two 
drachms of cream of tartar, the same quantity of common 8alt» 
and half a drachm of alum. These articles must be finely 
pulverized and well mixed together. If some of this powder 
be moistened and robbed on a cl^n polished surface of brass 
or copper, the silver will be precipitated, and the surface will 
be covered with it. In this way the silvering of candlesticks, 
or other articles, where it is worn off, may be replaced. 

203. Silver may be precipitated on ivory, and revivedl 
by the action of solar light. 

Exp, Make a dilute solution of lunar caustic in pure water. 
Immerse in this a slip of polished ivory until it acquires a 
bright yellow colour. Then take it out, expose it to the di- 
'rect rays of the sun immersed in a glass of pure water. It 
win turn black by the action of the light, but if it be gently 
rubbed, y||^8urface will be changed to a bright metalhc one 
resemblil|ra. bar of silver. 

Obs^ This effect is owing to the action of solar light which 
decomposes the nitrate of silver by depriving it of its oxygon. 

204. A very useful solvent of silver is formed by dis- 
solving one part of nitre in about eight parts of concen- 
trated sulphuric acid. 

Obs. This solvent when heated somewhat less than boiling 
water will dissolve silver, without touching gold, copper, lead, 
or iron ; hence it may be used to extract the silver from old 
plated 8:ood8. 

205. Mercury, or quicksilver is the only metal that^ 
retains the fluid form, at the ordinary temperature of the 
atmosphere, its specific gravity is 14. 

Obs, When the temperature of m«rcury is reduced to 40 de- 
grees below zero, it assumes a sohd ibrmand becomes a mal- 
leable metal. Mercury is not oxidized when pure, at the or- 
dinary temperature of the atmosphere. There are s^^veral 
methods however by which it may be brought to combine 
with oxygen. 
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Hius. Mercury may be oxidized by long continued agita- 
tion in a bottle half filled with air, and is converted into a 
black powder called ethiops mineral. 

Another oxide is obtained by exposing the metal for several 
days to neariy a boiling temperature, the air l^eing admitted 
to act on its surface. This oxide is red. 

206. Mercury easily combines with gold^ silver, lead, 
tin, bismuth, and zinc ; more difficultly with .copper, ar- 
senic, and antimony, and scarcely at idl wit^ip platiaa, or 
iron. \ . 

Olu, These metallic mixtures are called amcUgams* 

Bius, The gold beaters make use of mercury as ameans <^ 
obtaining the small particles of gold contained in the sweep- 
ings of the shop, &c. The sweepings being put into a close 
vessel, mercury is poured in with them, apd then the ressel 
being agitated, the mercury selects out the particles of gold 
and forms with them an amalgam. The amalgam is then put 
into a buckskin bag and pressed ; this forces the mercury 
through, the pores of the leather, while the gold is retained. 

^[)7* Mercury is applied to a variety of uiis in the 
arts, and is much employed in medicine. 

IUu8. 1. Vermillion is prepared by first uniting by fusion, 
mercury and sulphur, and forming a sulphuret of mercury; 
This coropounu is then sublimed by heat, and then pulverized. 
The powder is vermillion. 

2. The silvering on looking glasses is an amalgam of tin. 
A sheet of tin foil is laid smooth on a slab of marble, and on 
the tin foil mercury is poured until it is about the eighth of an 
inch deep, the attraction of the tin for the mercury, keeping 
it from running off. When the mercury is spread equally 
over the tin, a plate of glass is run, or slid on. This is so 
managed by partly immersing the end of the plate in the 
edge of themercury, and pushing it forward as entirely to ex- 
clude the air from between the plate and metal. Weights are 
then laid on the plate to press oat the mercury which has not 
amalgamated with the tin. At the end of 24 or 36 hours, the 
amalgam is found adhering to the glass in the manner we see 
it. 

3. Mercury is the substance, with which barometer and 
thennometer tubes are filled. 

4. As a medicine, mercury is employed under a great va- 
riety of fonns. Among these that otccuomel is the most com- 
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EQon. This is a «t<6 muriate of mercury.- It is prepared by 
l^rinding^ in a mortar two parts of mariateof mercury, or what 
18 called corrosive sublimate^ with ooe part of cijide mercury ; 
it is then sublimed sereral times, and then repeatedly wash- 
ed to dissolve and wash away any remains of the muriate it 
might contain. It is then fit for use. 

208« Rhodium, is » metal wbtch Dr. Walloston dis- 
covered in his analysis of platina. It has been obtained 
•nly in small quantities) and is of no use in the arts^ or 
otherwise. 

209* Palladium is also separated frdm crude platina, 
and is found native, among the grains of that metal. Its 
colour is white. It is ductile and malleable. Specific 
f ravity 10, or II. Sulphuric acid boiled^ with it, ac- 
quires a beautiful Idue, and dissolves a portion of the 
metal. 

Obs* Palladium combines with other metals, and like pla«> 
tina destroys the colour of gold, rendering even in very small 
qoantiti«S nearly white. It oxidizes with difficulty,, and 
when alloyed with gold, produces a hard compound, which has 
been applied to some particular uses in the constraction of 
philosopnical instruments. > 

210. Iridium is also extracted from the ore of platina, 
Its colour is white. It is perfectly infusible, except by 
the influence of an immense galvanic battery. No nse 
has heretofore been made of it. Its specific gravity is 18. 

211. Osmium is obtained from an alkaline solution of 
iridium. It is of a dark grey or blue colour. It is infu- 
sible. No use is made of it. 

212. Copper is a metal of a beautiful red colour, and 
admits of a high degree of lustre. Its specific gravity is 
from 8 to 9* It is malleable, and may be hammered into 
very thin leaves. It is also ductile and may be drawn 
into wire, which has great tenacity. It fuses in the heat 
of a common forge, and at a high degree of heat is eva- 
porated with visible fumes. 

213. Copper is oxidized by air. 
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Illtu, Heat a bar of polished copper and expose it to the 
air. It will exhibit yarious shades oi colour, or various de- 
g'rees of oxidizement, according to the degrees of heat. 

214. Copper combines with several acids and forms 
metallic salts of various kinds, 

JUus. Sulphuric acid dissolves copper at a boiling heat> 
and forms sulphate of copper, a salt oi a very beautiful blue 
colour, known by the name oiblu^viiriol. This is a causticr 
poisonons substance. 

Obs, Sulphate of copper is decomposed by iron. 

Exp, Make a solution of sulphate of copper in water, and 
immerse in it a polished plate of iron ; the iron will be cover- 
ed with a coat of metallic copper. 

215. Copper combines readily with nitric acid, and 
forms with it a green salt, which has the power of inflam- 
ing tin. 

Exp. Place a drachm or two o nitrate of copper, on a 
iece of tin foil three or four inches square. Moisten the salt 
»y sprinkling it with water, and instantly fold it up including 
the ^t in several layers of the &il ; at the same time press 
down the edges of the tin so as to exclude the air. In a (ew 
minutes the nitrate will begin to act upon the tin ; the folds 
will be burst open, sparks of fire be emitted and finally it will 
inflame. 

Obs, In the above experiment, the nitrate of copper is de* 
composed in consequence of the strong attraction which the 
tin has for oxygen, and the ease with wliich salt parts with it. 
The oxygen therefore combines with the tin with such rapidly 
ty, as to give out sufficient heat to set it on fire. The red fumes 
are in consequence of the abstraction of oxygen from tbe^itric 
acid of the salt, by which it is converted into nitrous gas. 

21 6. Verditer is nitrate of copper precipitated by car- 
bonate of lime. It IS of a blue colour and is used as a 
pigment. 

217. Verdigris is an accetSite of copper. It is prepar- 
ed by exposing the metal to vapor of vinegar, or the cor- 
roding effects of grapes after the wine is pressed out. 

218. Minera/^reen is prepared by precipitating cop- 
per from its solution in sulphuric acid, by means of caus- 
tic potash. 

10 
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Obs, Sulphate of copper is frequent]? found in streams of 
water running through copper mines. In the island of Angle- 
sea, thiscif^vmstance is turned to advsoitageous account bj 
throwing waste iron into the water, on which the copper is 
precipitated in the metallic form. It is afterwards scraped off 
and melted for use. , 

219* Copper combines readily with most of the other 
metals and affords several compounds which are of great 
use in the arts of life. 

Ilius, Copper, with about a fourth of its weight of zinc^ 
forms brcus, the roost useful of all alloys. 

Ttttenag is a white alloy of copper, zinc, and iron. Copper 
with various proportions of zinc, forms Tombacy DuUh dold^ 
Prince RuperVs metal, Pinchbedc^ Sic. 

Obs, Copper vessels for culinary purposes are dangerous ; 
the presence of any acid forming with it a poisonous salt. 

One of the best tests of the presence of copper is ammonia, 
which strikes a beautiful blue colour with its solutions. - 

220. Iron is the most abundant, and most useful of all 
metals. It is found chiefly among primitive rocks ; both 
animal and vegetable substances also contain it. Next to 
oopper, it is the most sonorous among the metals. Its 
bluish white colour, its elasticity and hardness, we are 
all acquainted with. Its specific gravity is a little more 
than 7. 

221. It is the toughest of all the metals. Is less mallea- 
ble, but more ductile than gold or silver. 

Illus. The ductility of iron is such that it may be drawn in- 
to a wire not exceeding the size of a human hair. Its tenaci- 
ty is such, that a wire only 78-1000(h of an inch in diameter 
will support a weight of more than 500 pounds. 

222. Iron is sometimes found native, but most of it is 
dug out of the earth, where it is found mineralized by ox- 
ygen or sulphur. 

Obs. I mn is reduced at a high temperature from its oxide 
by charcoal, and when earth is connected with it by the fur- 
tiier addition of hmr. 

223. At a high temperature iron absorbs oxygea from 
water. - • . • . 
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iiltu* Heat a gun barrel r^ hot and fass water through it 
in the nate of steam. The iron absorbs the oxygen, while 
the hydrogen passes orer in the state of gas. 

224. When iron is exposed to the combined action of 
air and moisture, it absorbs oxygen at common tempera- 
tures. 

Hhis, The comoo rusf of iron is an oxide of that mefal. 

225. Iron combines with the acids, and forms com- 
poands of various kinds. 

06f . Among these, the sulphate of iron, called also green 
tntriol or eappertu^ is the mdst important. 

226. When sulphate of iron is mixed with an infosion 
of galls, we obtain a bhick solution, which is a new com- 
pound of oxide of iron with the gallic acid and tan. 

il/ur. Writing ink is a gallate of iron, made with tincture of 
galls, and sulprate of iron. 

Oftf. The blackcolour^f ink is owing to its combination 
with oxygen. 

Jllw, The addition of iron filings to ink destroys its^ colour 
by^ absorbing its oxygen. Characters written with ink after 
this treatment, are at first illegible, but become black as the 
iron acquires oxygen from the air. Writing with ink newly 
made is well known to grow more intensely black by expo- 
tare to the air ; this is on the same principle. 

227' Ink is decomposed by alkalies, by acids, and by 
age. In some instances its colour may be restored by 
addhie the ingredient which is lost. 

lUtS. 1. The alkalies, as potash, or soda, will destroy the 
colour of writing ; but the colour may be restored by mois* 
tening the paper with infusion of gaUs on a camels hair pen- 
cil. 

2. Ink is decomposed by age, partly in consequence of the 
ftuther oxidation of the iron, and partly in consequence of 
the destruction of the gallic acid. Hence ink stains degen- 
erate into, iron-moulds, and these last are immediately pro- 
duced on an inked spot of linen when washed with soap, be- 
ca&ise the alkali of the soap abstracts the gallic acid, and 
leaves only an oxide of iron. Hence also the yellowish col- 
oar which is produced by dipping linen into a solution of sul- 
phate of iron and .called a ecmfferaseolqurf is only a precipita- 
tion of the oxide of iron on the cloth. 
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227* Iron cembiQes with carbon in various propor- 
tions. 

Oba* 1. Steel is a compound of iron and cartoon; tbeiron 
absorbs the carbon from the charcoal with which it is heated. 

2. Cast^ or crude iron, contains oxygen and carbon. When 
these are g"ot rid of by the process of refining, malleable or 
bar iron is formed. Iron however, always contains more or 
less oxygen and carboa. 

3. Cast iron occupies a less space in a fluid, than in a solid 
form. Hence its fitness for castings. This fact depends on 
crystalline form which the iron takes on cooling. 

228. Nickel is perfectly malleable and may be forg- 
ed when hot, and hammered into plates when cold. )ts 
colour is white, and intermediate between those of silver 
and tin. It admits of being finely polished, and has a 
lustre between steel and platina. Its ductility is such, 
as it may b^ drawn into very fine wire It cannot easi- 
ly be soldered on account of the oxide which forms on its 
surface when heated. It is o|ie of the most infusible of 
the metals. Like iron, it is magnetic. By long expo- 
sure to a red heat it is converted into a dark brown oxide 
which is still magnetic. Its specific gravity about 9* 
At a sufficiently high heat its oxides are reducible without 
addition ; nor is it more tarnished by a strong heat than 
gold, silver, or platina. It ranks therefore among the 
noble. or perfect metals. 

229* The principle ore of this metal is a sulphuret. 
It comes from various parts of Germany, where it is found 
with cobalt. 

Obs, 1. It is a curious circumstance, that nickel has been 
found alloyed with iron in aU the specimens of stones which 
have fallen from the atmosphere, where these have been 
analyzed. 

2. Nickel is employed in China in making lofeite copper, 
which is a very beautiful compound. It has also been pro* 
posed to make use of this metal in combination with steel, for 
the purpose of making surgical instruments, as such an alloy 
13 not liable to oxidi^. 
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2^1. Tin. Theproperties of tin RHUt be examined 
in the state of grain-tin, or block-tin ; what is commonly 
known by the name of tin being nothing more than iron 
plates with a thin covering of this metal. 

232. Tin has a silvery white colour^ which is very little 
altered by exposure to air. It is ductile and very malle- 
able, being easily rolled, or hammered into thin plates. 
Next to lead it is the softest and least elastic of all elastic 
metals. Its specific gravity is a little more than 7* It 
is easily fuzed, and bends with a peculiar crackling noise. 

233. Tin by fusion unites with almost all the other 
metals. Some of its alloys are of great importance in 
common life. 

Illus. W ilh copper, it forms &ron;r^. With antimony, cop- 
per and bishmuth, it forms pewter. With an equal quantity 
of lead it forms PlumberU solder. With mercury it forms tlie 
silvering of looking glasses. 

234. The plates of tinned iron, which commonly go 
under the name of tin, and of which tin ware is made, are 
prepared by dippmg plates of iron into melted tin. The 
tin penetrates the pores of the iron, and adheres to it until 
it is entirely w4>rn oC 

Illug. Dip a clean piece of iron, as a knife blade, into melt- 
ed tin, and it will come out completely tinned, or covered 
with the metal. 

235. Tin dissolves in the acids, forming solutions of 
various properties, some of which are of mtich use in the 
arts. 

IUu9. The dyeing of scarlet depends on a soltition of tin in 
nitro muriatic acid. Tin is used to precipitate gold from its 
solution in nitro muriatic acid, by which is formed the purple 
powder ofCassius, much employed in enamelling. 

236. Lead is of a bluish white colour, but soon loses 
its lustre when exposed to air. Its specific gravity is 
about 11, being heavier than any of the metals except 
gold^ silveri ai)d platina* 

10* 



110 LCAO. 

336. By the joint action of heat and air, lead beeomes 
oxidated, ojad exhibits different colours according to the 
proportion of oxygen with which it may have combined. 

Illus, If lead be melted a scum soon forms on its surface ; 
if this is removed another will quickly succeed ; and in this 
manner the whole of the lead may be converted into the g*rey 
oxide of lead. If this grey oxide be exposed to a low red heat 
in a furnace, it will acquire a further dose of oxygen, and be 
converted into fellow oxide called masgic(d. If the heat be 
continued, this yellow oxide will be converted into a r>ed ox- 
ide, called red lead. 

2ST' The oxides of lead give out their oxygen on the 
application of heat, or by being ignited with combustible 
matter. 

Illus, 1. Heat some red lead in a g^n barrel, or earthen re- 
tort. The oxide will be revived, oxygen ga^ will be given 
out, and metallic lead will be found remaining m the vessel. 

2. Mix red oxide of lead and charcoal, and ignite the mix- 
ture in a crucil^le; a button of metallic lead will be fi>und at 
the bottom. 

238. Pure water has no action on lead if the air is en- 
tirely excluded ^ but when left in contact with water and 
exposed to the atmosphere, it soon becom**s oxidized and 
dissolved, especially if agitated. Hence the danger of 
leaden pipes and vessels for containing water which is 
intended to be drunk. 

239* Sulphuric acid has no action on lead except when 
concentrated, and at a boiling temperature. 

Obs, The insolubility of lead in sulphuric acid, makes it a 
fit and clieap material for lining the chambers in which this 
acid is formed. Vessels for boiling doi^n the weak acid are 
also made of this metal. 

240. Lead is soluble in several acids, and forms com- 
pounds, some of which are of great importance in the 
arts of life. 

Illus. 1. When two parts of the red oxide of lead (red lead) 
are mixed with one of muriate of soda {common salt^J and the 
mixture is made into a paste with water, the salt is decom- 
posed, and a muriate of lead is formed^ which on fusion affords 



the substance called mineral^ orpatmU yellow. This is much 
employed as a paiut. 

2. When lead is exposed to the fumes of acetic acid, or 
strong vinegar,, there is formed a white crust on its surface, 
w bich is called white lead or ceruse. This substance is soluble 
in vinegar, and when dissolved in it and cnrstallized, it forms 
the weu known salt, acetate, or su^r of lead. The method 
of manufacturing this salt, is first to expose sheets of lead to 
the fumes of vinegar. This is done by rolling them up and 
placing them in pots gently, heated, with vinegar at the bot- 
tom. When the white crust is formed, the s^ieets are taken 
out of the pots and immersed in strong vinegar, which dis- 
solves the crust. They are then placed in the pots again, and 
this is repeated until the sheets are destroyed. The sugar of 
lead is obtained in crystals, by evaporating the vinegar in which 
the plates are immersed . 

dbt. Lead in its metallic state, is employed for many vain* 
able purposes. Houses are covered with it. It is used for 
aqueduct nipes,for making cauldrons, for shot, and bullets, &c. 

241. Zinc is obtained chiefly from the ore called cala^ 
mine or lapis calaminaris. It is of a brilliant white col 
our, with a shade of blue. Its specific gravity is about Tf 
the lightest being the purest metal. By particular treat- 
ment zinc is malleable, and may be t>eaten into leaves, 
and drawn into wire. The common zinc is neither mal- 
leable nor dactile. 

242. Zinc is inflammable in common air. 

Exp, Heat a crucible to whiteness in a forge and throw in- 
to it small pieces of zinc. It will inflame amd bum with a 
beautiful white light. 

2^3. Zinc is soluble in the sulphuric, nitric and muri- 
atic acids. 

Obt. Of the sahs ibnned by solution of this metal, that with 
the sulphuric acid is the most important and best known. 
This forms sulphate of zinc, or white vitrid, an article much 
used in medicine. 

244. Zinc is capable of furnishing alloys with most of 
the metals. Of these the most useful is brass as already 
mentioned under the article, copper. 



112 ANTfMOKT. 

CLASS n. 

MBTAtS THAT AKX BEITTLS AN0 BJLSIJUT PUSSD. 

246. Bismuth is of a reddish colour^ is composed of 
broad brilliant plates adhering to each other. Its spe^ 
cific gravity is aboot 10. It breaks under the hammer^ 
and hence cannot be considered as malleable, but it ift 
ductile, and may be drawn into wire. It is one of the 
most fusible of tie metals^ and readily forms distinct 
crystals on cooling. 

06?. W ben bismuth i« kept in fusion at a moderate heat it 
becomes covered with an oxide of a brown coloon. In a 
more violent heat it is volatile and may be sublimed in close 
vessels, but with access of air it emits a blue flame, and its ox- 
ide exhales in the form of a yellowish smoke which is con- 
densed by cold bodies. The matter so condensed is the ox- 
ide of bismuth and the only one with which we are acquaint- 
ed. This oxide is employed in medicine. 

247- The acids dissolve bismuth with effervescence. 

248. This metal is capable of being alloyed with most 
of the metals. 

24^. Bismuth has the singular property of expanding 
as it cools ; hence, probably, its use in the composition 
of printing types , as from this expansive property, are 
obtained the most perfect impressions of the moulds in 
which the letters are cast. 

250. Pearl white is an oxide of thi& metal. Ladies 
use it for painting the skin, to which it imparts a beauti- 
ful white. 

251. Pomatum prepared with oxide of bismuth turns 
tfal^ hair black. 

252. Antimony as it occurs in the shops, is a sulpha- 
ret of the metal, and consists of fd parts of antimony and 
25 of sulphur. 

^3. Pure antimony is a beautiful metal of 'a silvery 
white colour, very brittle, and crystalized in the form of 
plates, or scales. It undergoes little change wh^o expo- 
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sed to the air, it ordinary temperatures. But when fu* 
sed, it b easily volatalized in white fumes which is an ox* 
ide of the metals 

Obe, The vapor of water when brought in contact with ig* 
sited antimony, is decomposed with so much rapidity as to 
produ'%» a «enes of detonations. 

256. Antimony is capable of uniting with such pro- 
portions of oxygen, as to constitute an acid. 

lUus. The white and yellow compounds of oxygen and an- 
timony ought to be arranged among acids rather than among 
oxides, for each of them combines with salafiable bases. The 
white oxide is called arUimonious and the yeUow arUimonic 
acid. 

257- Antiraonyis applied to various uses in the arts, 
and is employed in medicine in a variety of forms. 

lUus. 1. Tne most important of its allocs is that which it 
forms with lead. In the proportion of one part antimony and 
sixteen lead it composes the metal for printer's types. 

2. When the native sulphuric of this metal, is slowly roast- 
ed in a shallow vesseU it loses most of its sulphur, attracts 
oxygen and is converted into a grey oxide. When this oxide 
Ss melted witha strong heat it acquires a reddish colour, and 
runs into a glassy substance c^Med glass of antimony* ' 

3. The well known substance tartar emetk is a triple salt, 
a tartrate of potash and antimony and is composed of aboot 
56 parts of tartrate of antimony 36 tartrate of potash and 8 of 
water. 

258. TsLLuaiuM. The colour of this metal is of a 
tin- white, vergingj towards lead-grey ; it has considerable 
lustre, is very brittle, and breaks with a foliated, or scaly 
fracture. It is fusible below a red heat and is one of the 
most volatile of the metals, flying ofT in fumes at a red 
heat. When heated in the open air, it bums with a sky 
blue flame, edged with green. This is the lightest of all 
the metals, its specific gravity being little more than 6. 

Obi, This metal has heretofore been applied to no use in 
the arts. 

259. Selenium has a grey colour and a very brilliant 
metallic lustre, and possesses a small, but scarcely (jer* 
ceptibie degree of transpai»ncy. It softens at 2l%% 
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Faht. and completely fuses a few degrees higher. While 
cooling it has a considerable degree of ductility, and may 
be kneeded between the fingers and drawn out into fine 
threads which have a strong metallic lustre. When heat- 
ed before the blow pipe it tinges the flame of a fine 
azure blue, and exhales so strong a smell of horse radish 
that a fragment, not exceeding the fiftieth of a grain Is 
sufficient to fill the air of a large apartment. 

Obs, 1. Selenium unites with the different metals, and the 
unian is in roanj instances attended with ignition. When% 
piece of the compound of this metal and potassiam is dropped 
into an acid, there is extricated a gas of very sioeular proper- 
ties. A small bubble of this gas not exceeding Uie size of a 
pea when drawn into the nostrils, excited inflammation of their 
membrane, and symptoms of catarrh which did not snBside 
for several days. 

2. This metal has been recently discorered. It has here* 
•tofore been extracted only from impure sulphur found in Swe«> 
den. and only in small quantities. Its uses are unknown. 

25S.^ Arsenic. The substance sold by apothecaries 
and generally known by this name, is a white oxide ef 
the metal. 

J^rom this oxide, metallic arsenic may easily be pn>» 
cured. 

Exp, Mix ^ve grains of white oxide of arsenic with twen* 
ty grains of finely pulverized charcoal ; put the mixture into 
a glass tube, ten or twelve inches long and stopped at one end. 
Apply heat gradually raised to redness to the part where the 
mixture is. The charcoal will deprive the oxide of its oxy- 
gen, and the metal will coat the upper part of the tube. It 
IS a white metal, with a lustre not unlike steel. 

259. By'corking the tube air tight it may .be preser- 
ved in its metallic state for months or years. It soon 
tarnishes by exposure to air. 

Obs. Metallic arsenic is readily fused and is volatilized at 
356 degrees. In clo^e vessels it may be collected unchan- 
ged ; but when thrown on a red hot iron it bums with a blue 
flame and a white smoke, at the same' time a strong smell of 
garlic is^perceived. 
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260. Metallic arsenic combines with most of the met* 
ab, forming alloys. 

Exp* Place a small piece of metallic arsenic between two 
plates of copper as two cents; bind the plates together with 
wire, and sunmit tbem'barely to a red heat. The inside of 
the plates will be stained wliite. 

201. The white oxide of arsenic^ or anenouB acid is 
soluble in water. 

iUuB, According to sOme experiments, cold water dissolves 
only a small quantity of this oxide. A thousand grains of 
water being left in contact with it, dissolFed in 24 hours only 
2j grains. But lOCN) grains of hot water dissolved about 7S 
grains of this olide. 

(Mm, Erery oxide, and every solution of arsenic is strongly 
poisonous. The pure metal is harmless, but it becomes poi- 
sonous in a few moments on exposure to air, anj^ it is probable 
that the metal swallowed would soOn become^ a poison inlbe 
stomach, in consequence of the absorption of the oxygea 
there. 

262. Oxide of arsenic combines with the alkafies to 
saturation, and hence it fulfils one of the principal fun<>- 
tions of an acid. It has therefore been called arsenouB 
add and its compounds arseniates. 

Obs. Arsenic is generally known, and sold in the form of 
white oxide. This is sometimes called raJPs baney from the 
circumstance of its being used for destroying rats, ft is used 
in medicine in the form oi Fowler* 8 sohuion. This is an ar- 
seniate of potash, and is prepared by adding a certain quantity 
of the white oxide to a solution of potash in pore water. 

CLASS III. 

METALS THAT ASS BRITTLE AND DIFflCOLTLT FUSBD. 

263. Cobalt has a greyish white colour, inclining 
somewhat to pink. Its specific gravity is about 7 1-2 ; 
it is brittle, and easily reduced to powder. It is infusi- 
ble except at extremely high degrees of heat. 

264. By exposure to the air this metal is tarnished^ 
but not oxidated to any extent. 
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267' Cobalt is used in the state of an oxide for uaa^ 
king colours. 

lUua, The blue colour given to cliina ware, porcelain, 
glass, enamels, &c. is made by the oxide of this metal. 

Exp» Take a small piece of cobalt, or of any of its orefl, 
place it on a piece of charcoal with some borax, and apply to 
it the heat of the blow pipe. The borax will melt and torm 
a bead of a beautiful blue colcur. Tiiis is the most simple 
and certain test of the presence of cobalt, when mixed with 
other metals. . 

26s. Cobalt, when dissolved in an acid, has the singu^ 
lar property of forming what is called sympathetic ink. 

IUm, Take one part cobalt, or what is btiter, the sub- 
stance called zaffre, and digest it with a moderate heat, with 
four parts of nitric acid. To this solution add one part muri- 
ate of soda, and then add as much water as there was of the 
adfd. Characters written on paper with this solution are il- 
legible when cold, but when the paper is carried towards the 
fire they appear of a beautiful blue or green colour. This 
experiment is rendered more amusing by drawing the trunk 
and branches of a tree in the ordinary way, and tracing the 
leaves with the solution of cobalt. In the cold, as in winter, 
the tree appears leafless, but on moving it near the fire or pla- 
cing it in the sun in summer, it will suddenly become covered 
with the most beautiful foliage, l^he green colour is iinpro- 
red by adding to the nitric acid half its quantity of muriatic 
acid. 

Obs. 1. The cause of this singular change of colour, is diffi- 
cult to explain. It may perhaps be owing to an additional 
quantity of oxygen which the cobalt absorbs when heated, and 
which it parts with again when cold. 

Oba, 2. Zaffre is an. oxide of cobalt, mixed with some 
Wtrifiable earth. 

When zaffre is fused, washed, and ground ^o powder, it 
forms the article known under the name of smalts. This is 
used for the colouring of paper, linen, glass, &o. It may be 
purc>iased of the apothecaries. 

269* Manganese never occurs in the metallic state ; 
the black substance, known by that name is an oxide of 
the metal. 

Obs, The pure metal may be obtained from the black oxide 
^y miaung this with powdered pitch, making it into a ball. 
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putCiag^ into a crucible lined with charcoal, and sulMnitting^ it 
OOFcred, to the strong^est heat that can be raised for one hour. 

268. The metal is of a dusky white colour with a spe- 
cific gravity of 8, On exposing it to the air it soon 
cniinbles into a powder, in consequence of its oxidation, 
and becomes in succession, grey, violet, brown, and final- 
ly, black. 

269. The black oxide of manganese has some pro- 
perties which make it the subject of amusing experiments. 

lUus, It imparls to borax When melted with it a violet 
colour. When this is effected with the blow pipe on a j^iece 
of charcqal, this violet colour may be destroyed by the inte- 
rior blue dame, and again reproduced by the exterior red 
fiame, or by a small particle ofoitre. 

2. When black oxide of manganese and nitre, in equal 
proportions, are both reduced to a fine powder, and in a state 
of mixture are thrown into a red hot crucible, the nitre is de- 
composed, its oxygen bein^ transferred to black the oxide. 
This is called the mineral camelion. 

Exp. Put a piece of this into a glass vessel and pour in a 
small quantity of-water. The solution will be green; a little > 
more water will change the colour to blue; a further addi- 
tion changes it to purple^ and a still larger quantity to a.beatt- 
tiful deep purple. 

This experiment may be varied by putting eaual quantities 
of this substance into separate glasses and adding to the one 
hot and to the bther cold water. The hot solution has a beau- 
tiful green colour and the other a deep purple. 

270. Manganese in its metallic state combines with 
most of the metals, and forms alloys, but none pf thensk 
are distinguished by important properties. 

271* The black oxide of manganese is used by chem- 
ists for the purpose of obtaining oxygen gas. It is also 
used in bleaching cotton goods. 

Exp. Put some of the black oxide into a flask furnished 
with a tube, pour on sulphuric acid enough to moisten it, then 
apply the heat of a lamp. Oxygen gas will be extricated in 
aoundaiace. 

Obs. The sulpharic acid combines with the metsl, ia c<m- 
equence of whick the oxygen is set free. 
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272* ClEmoME. This metal is found tn an acidified 
«tate, combined with lead and iron. ' The metal may 
i)e<>btained from either of these ores, it is of a greyish 
^hite colocir^ brittle and infusible. 

Oba. Thebeautiful paint calledc/iromMJ yellow is a cbromate 
.of lead. .If OS prepared by extracting the chromic acid fVom 
4:liroraate of iron, which is then united to oxide of lead. - 

273. MoLYBPENUM. The roost common ore of 
this metal was long mistaken for plumbago, or black 
lead^ which it strongly resembles. They may be distin- 
.guished from each other by rubbing each on. a piece of 
white porcelain, the trace of the molybdena has. a green* 
'ish tinge, and contains numerous little scales, while the 
trace of the plumbago is nearly black and consists of 
.grains. 

Obs. 1. "This metal as well as chrome, is capable of combi- 
ning; with such a quantity of oxygen as to constitute it an acid. 
TThis is called the molyhdic acid. 

&. The metal molybdena may he extracted from its ore 

which is a sulphuret of the metal. It is of a whitish yellow 

.colour, and has been obtained only in the form of small brit- 

. tie grains. It is infusible, and has as yet been applied to no 

use. 

274. UiiANiu>i. This metal was discovered, combined 
. with a peculiar kind of impure sulphur. It has been ob- 
tained only in small quantities in the form of grains, of 
.an iron grey colour, with considerable lustre. 

Ofo. It is very infusible, and of no use in the arts. 
' S7&* Tungsten has been obtained in smalt quantities 
-only ; nature presents it combined with oxygen and lime, 
forming calcareous oxide of tungsten. From this oiae 
the metal tnay be extracted by a certain process. 

Obs. Tungsten combines with oxygen in a proportion (o 
-form an acid, called the ^t^n^^^ic acid. The metal is of the • 
•odour of iron, with o(Miti<terable brilliancy. Bo far as is 
- icnc^n, it is iMelesst. 
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CLASS IV. 

REFRACTORY METALS. 

276. Titanium, is obtained in the metallic form wttb 
great difficulty, and of course its properties have been iit- 
tie examined. The colour of the metal is dark cfopper 
red, with a strong metallic lustre and infusible. 

Obs» Tiie metal is obtained from its red oxide, when this is 
exposed to an intense heat moistened with oil, and surrounded 
by charcoal in a crucible. The red oxide is found in Ger* 
many and France, and in many places in this country. Its 
uses are unknown. 

277- Columbium. This metal was first extracted by 
Mr. Thatchett from a specimen of dre found at New* 
London, Connecticut. 

27s. The metal is found combined with oxygen and 
iron forming /erru^*9iou9 oxide of columbium. 

Obs, This metal has scarcely been obtained in a state of pu- 
rity, it being extremely difficult to deprive it of its oxygen 
by any knoivn means. It is of no use. ^ 

R&mark. The metal called Ton^a/tait is of the same witib 
colnmbhim. 

279- Cerium was discovered by the Swedish chemistili 
in an ore which was supposed to be tungsten. It never 
has been seen in the state of a pure metal, so that little 
can be said of its properties. It is found in the state of 
an oxide, of a red or brownish red colour* No use has 
been made of this substance. 

QUESTiOJSlS ON THE METALS. 

By what peculia^i properties are the mc:tals distinguish* 
ed? 

Are the metals all of them fusible ? 

Whai. are those metali called which can be extendeA under 
the hammer P 

What are those called which extend under the rolling press ? 

^^at are the metals called when they are combii^eo with 
ea^v ither by fusion ^ 
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What tan you toy about the specific gratrity tf^ ttuUdt ? 

jpa the metals transmit light ? 

What is meant by the ^oixi annealing ? 

Whaikmdofa^^xx%!tdolhem<e^s^A^ {except ^old^ tUver^ 
andplalinay) undergo when exposed to air and moisture ? 

Why is the weioht of a metal increased by being chan* 
fed into an oxide ? 

^ How can it be said that all the metals are coMBmTni.B 
bodjes. 

In what STATE are the metai.s soluble in acids ? 

Why does not gold dissolve in nitric acid ? 

How is it prored that their union with oxtqen increaset^the 

WEIGHT of the METALS P 

How can the oxides of the metals be revited, or 
bzo^ht back to their metallic states ? 

When a metal is reduced by charcoaii what gas is there tof 
ined by the process f 

What alteraUon does mercury undergo, when suimitted for 
m long time to moderate heat ? 

What compoMnds are formed by a union ofsvAphvat vrith th4 
metals? 

When phosphorus unites to a metaly what is the eompound 
called? 
Of what are the carburete eqmposed ? 
How is the rapid production of heat accounted for^ when 
ma filing and sulphur are mi^ed^ and gentry warmed ? 
What IS a METALLIC salt ? 

How are the red fumes produced wh^ a metal is dissol-* 
fed in NiTtftc acid ? 
JFbr what purposes are the metaUic salts used? 
What meUHlvc salts are particular fy useful in dyeing f 
Wliat are the effects of tl\e pure metaxjb ob the stom-* 
ACHi* 
How can glass be tinged socuto resemble the precious stones? 
Dothemetals whenmeUed with eajch ether enter into chemi^ 
^ union? 

what effect does the alloying of the metals have on 
Dieir specific gravities ? 
Of what is the alloy composed whuh melts in boiMng water ? 
"Why do alloys oxydize more readUy than pure metah ? 
How are the inetaU extracted from their ores ? 
What are the names of the malleable metah? 
What are the names of the brittle metals ? ^« r 
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fFhai tnetalsare fused with difficulty > 
fVhcU are the namet of the infusible metdb T 

GOLD. 

What is the specific gravity of gold ? 

What is said of the malleability ofikis metal ? 

What effed does intense and long continued heat produce en 
this metal? 

What are the acids whdeh dissolve gold ? 

Describe the method ^gilding steel with the elherial solutioH 
of gold? 

PLATINA. 

What is the specific gravity of pl atina ? 
From what enwUry is this metal brought ? 
hi what respect is platina like iroa ? 
How may platina be melted ? 
How may this metal be oxidated ? 
What is the aoiveni of. platina P 
What is said of the alloys of this metal? 
" What is said of the ductility qf this metal ? 
Whatissaid of its power to conduct heat ? 

^ SILVER. 
What is said of the spcciftc gravity, uallsabilitt, and 

DUCTILITY of silver? 

Does heat oxidate siher ? , 

What is the solvent ofiMs metal ? 
What is the process of making lunar caustic ? 
How is indehble ink made ? 

What substances precipitate silver from its solutions ? 
How can you cover a slip qf copper with silver ? 
Describe the process ofmaking Diaoa^s silver tree ? 
How is silvering ^wder prepared ? 
What is the process ofsi&ering ivory ? / 

How can silver be dissolved %oShout touching gold^ copper, 
lead, or iron ? 

MERCURY. 

What is the specific gravity of mercury ? 

Mju^utt degree below zero does it assume the solid form ? *" 
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How maijf mercury beoxidatedf 

What are ike tti^Me imxtiuree ^»Uk iMartury called ? 

How do the gold beatere obtain small particles <^ gold^ dy 
means ofm^nsury ? 

How is Vermillioo fraoared ? 
, Z>eMrtfoeA6 9^(A(Mfo/8ilFeruig looking-glasses .> 

W^ fretheprmcijMl uses^this metal? 

Jr hat is said o/* Rhodium, Palladium^ Iridium, and Oiml- 
vm? 

COPPEIt 

What is the specific gravity of copper ? 

What is said of the ductihty, maUeability and teoacity of 
this metal? 

What is said of the wmbination of copper wiA the adds ? 

How can iron be covered with a coat ^metallic copper ? 

What is the experiment with nitrate of copper and tinfoil ? 

What is the rationale of this experiment f 

What is rerditer ? How is veraigris prepared ? 

How is copper obtedned/rom streams ofwaUr contotntn^ a 
solution of its sulphate? 

How is BRASS formed f 

What other (dloys of copper are vahuxhte in the arts ? 

Whai.is said ^copper vesseh/or culinary purposes ? 

What is one of the best tssts for the presence of this tne- 

IRON. 

What is said of the abundance and us^kUness of fucnr ? - 

What is the sPEcrnc okayity of iron ? 

Wh<a is said of iU malleability and ductility ? 

Where is iron tfUefh^ found ? 

By whig mMance is it generally mineralized ? 

What is the effect o^hot iron on water ? 

What is the chen^cal naine, and composition of the nut of 
fron? 

WhiA among the salts of iron is the most important to the 
arts.^ 

What is the tomposiJHjon of writing niK ? 

Why does the addition of iron filings to nCK dMtm^. its 
eolour? 

W%iy is ink decomposed ty age f' '--'-* . . . «^ ^ 



Vnhat 18 the composition of STEEL ? 

fFhy doei iron occupy less space in the fluid than in the solid 

NICKEL. 

What is said of the malleability of nickel ? 
tFhat is its specific gravity ? 
Jn what resped does it resemble iron ? 
What is theprinajpal ore of this metal? 
What use do the dninese make of this metal ? 

TIN. ' 

What is the spedjtc gravity of tin ? 
. What is said (fits dudiiity and malUahiliiy ? 
What is the name of the alloy of tin and copper ? 
What tise is made of the amalgam o/* tin and mercury ? 
What is the process of tinning iron ? 

LEAD. 

What is the specijie gravity of lead ? 

What is saiaofthe oxidation o^lead ? 

How is RED LEAD prepared ? 

How is red lead most easily rediiced to its metallic state 7 

What is said of the aiiixm of water on this metal ? 

Under what circiemstances does sulphuric acid att on lead ? 

How is patent yellow prepared ? 

What is the process for preparing white lead ? 

How is sugar of lead mme ? 

ZINC. 

What is the name of the ore from which ^inc is obtained f 
What is said of the ma lle ability of this metal ? 
How may this metal be humed in the open air ? 
What salt of this metal is best hwum and most useful? 
Wliat alloy <f this metal is most important? 

BISMUTH. 

• What j« the colour (^bismuth ? 
What M its specific oratity ? 
thmis Iks wUte nUm ^ bismuth prqMredf 
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Why is bitm/uth peculiarly ustful in the campoiiiion ^print- 
ing types ? 

ANTIMONY. 

What is the cqlour, and what are the other external prop- 
erties of ANTIMONY ? 

JFhai is the effect when vapor of water is brought in contact 
with ignited antimony? 

What is said of the acids of this metal ? 

How is glass of antimony prepared ? 

What is the composition of tartar emetic ? 

Give some aceonmt of tellurium and selunium ? 

ARSENIC. 
How may metallic arsenic be procured from the whitk 

OXIDE ? 

By to/mf particular smell is arsenic distinguished? 
In what way can this metal be detected by metallic copper? 
What is said of the poisonous qualities of this m£tal ? 
In what respect do the oxides of this metal fulfil the functions 
of an (uid. 

COBALT. 

What is the colour and specific gravity of cobalt ? 

What is said of its fusibility ? 

What are the principal uses of this metal ? 

How is sympathetic ink prepared from this metal? 

What peculiar properties has this ink? 

MANGANESE. 

Does this meted ever occur in the metallic state? 
What curious properties has this metal ? 
What is the mineral camelion ? 

What is the principal use of the black oxide of manga^ 
nese ? 

CHROME. 

What are the uses of chrome ? 

In what state is this metal found ? 

Give some account of molybdenum^ uranium, titanium, co> 

mbiura, and cerium. 
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OF THE EARTHS. 

280. Thoufh there seems to be an almost infinite va- 
riety of earthy substances scattered over the surface of 
the globe, yet when they are examined by chemical anal- 
ysisy we find with surprise, that all the earth and stones 
which we tread upon, as well as the rocks, and the nu- 
merous difierent specimens which adorn the cabinets of 
the curious, are composed of only a few elementary sub- 
stances, the earths being only nine in number. 

281. The alkaline earths are barytesy stronHtes, Ume^ 
and magnesia. The simple earths are n7ex, ahmine^ 
zircon^ gludne, and ittria. 

Obg. 1. The experiments of Sir Hympbrj Davy have render- 
ed it probable that the eartbi are metallic compounds. After 
bis discovery that the alkalies, potash, soda, and ammonia, 
were constituted of metallic bases united to oxT^n, the 
earths were submitted to the same analysis, by which these 
discoveries were made. Barytes, strontites, lime and mag- 
nesia, each exhibited traces of a metallic nature by this 
treatment : so that at the present time, the writers on chem- 
istry consider the earths as compounds of a metal with oxy- 
gen. The evidence that the simple earths are of a metallic 
nature^ is however scarcely sufficient to induce belief of the 
fact. But their analogy in many respects to the alkaline 
earths is a sufficient reason why they snould be arranged to- 
gether. 
2. All the earths when pure, are perfectly white. 

282. Baryta. Pure barytes may be obtained from 
the sulphate of barytes, (a substance found in nature) by 
a chemical process. 

Exp. Into an iron kettle put one part of finely powdered 
sulphate of barytes, and three parts of carbonate of potash, 
(common pearfash,) and a proper quantity of water. Let 
the water boil for an hour, breaking down the lumps into 
which the mixture is apt to run, with a pestle. A carbonate 
of barytes will be formed, because the earth gives its «W- 
fhvrie acid to the potash, while the potash gives its carbonie 
acid to the earth. This is to be washed with boiling water, 
and then dissolved in dilute muriatic acid. This forms a 
muriate of barytes. To the muriate of barytes add ammo- 
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nia as longf as any precipitate takes place ; tbia throws dawn 
atfy metal that may he pl«seDt Then add carbonate of pot- 
ash to the clear solution in a clean vessel, and pure carbon* 
ate of barytes will be precipitated. Expose the carbonate 
to an intense heat, m a crucible surrounded with charcoal, 
and the pure barytes will remain, the carbonic acid being 
driven off by the heat. 

Remark. The carbonate of barytes formed in the first 
part of the process is only in- a small proportion to the quan- 
tities of the materials* 

283. Barytes in a pure form has a sharp caustic taste, 
and like other alkaline substances, changes vegetable blue 
colours to green. It is a strong poison; 

284. Some preparations of barytes are used for chem- 
ical tests, others are used in medicine. The white pig- 
ment of miniature painters is pure barytes. 

Obs, If a small quantity of water is added to recently pre- 
pared barytes, it is rapidly absorbed and solidified, producing 
a high degree of heat. 

Illus, Pure barytes is a delicate test for the carbonate and 
sulphuric acids. The muriate is used as a remedy in some 
kinds of diseases, and also as a test. 

285. The base of barytes is called barium, 

Obs, The base of barytes was obtained by submitting the 
carbonate to the action of a powerful galvanic battery, in 
contact with (]uick-silver. By this means, an amalgam was 
formed, consisting of mercury and barium. This amalgam 
was introduced into a bent gUss tube, the tube being after- 
wards filled with vapor of naptha. The naptha prevents the 
metal from absorbing oxygen. In this state, heat was appli- 
ed to the amalgam until tbe mercury was driven off. The 
residium was a dark grey substance, resembling a metal ; 
when this was exposed to tbe air, it rapidly absorbed oxy- 
gen and fell into a powder which was barytes. 

Remark. Sulphate of barytes is the heaviest of all earthy 
substances. 

286. SirontiteSf or |stroDtiaii, is named af^er the ploce 
where It was first discovered in Scotland. It very much 
resembles barytes in its external^ as well as chemical 
qifalities. 

lUtis. It occurs in nature in the state of a sulphate. The 
"^ure earth may be obtained from it by the same process as 
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described lor h&tyies* This earth has a burning: tswte, and 
like barytes gives out heat on beings moistened with water^ 
&c. The form of its crystals however, ^differ from those of 
barytes, and on mixing a little muriate of strontian with al- 
cohol, and burning' it, the flame is tinged of a beautiful re^, 
which is not the case when byrates is mixed with the alcohol. • 
These seem to be the principal means of distinguishing the 
two earths from each other. 

The metaUic base of strontites is called sironHum, It is 
procured by exactly the same process as that described for 
barytes. 

287. Lime exists in great abundance in the state of 
a carbonate. Limestone, marble, chalk, &c. are of this 
kind. 

288. Whet) the carbonate of lime is exposed to red 
beat, the carbonic acid is driven off, and there remains a 
caustic white substance, called quicklime or lime. 

289* Lime absorbs water with remarkable avidity, at 
the same time much heat is extricated. 

Obs. 1. The heal given out by the slacking of lime arises 
from, the water, which passes from the liquid to the solid 
state. 

Illtu. Lime will absorb a considerable quantity of wat^ 
and yet remain dry. Thus the water becomes solidified 
with the slacked lime, and forms a part of it. 

Obs. 2. The degree of beat produced by the combination 
of lime and water is said to be 800 Fahrenheit It is well 
known that vessels and buildings are sometimes set on fire in 
this way. 

290. Lime is very sparingly soluble in water, viz. in 
the proportion of about 1 to 500 parts. 

Obg. Lime water is so good a test of carbomo acid that it 
will become turbid by blowing the air from the lungs through 
it 

Remark. The air from the lungs always contains a quan- 
tity of carbonic acid. 

Oba, When carbonic acid comes m contact with lime, it 
is absorbed with avidity. The carbonate is less soluble in * 
water than lime itself; the turbidness therefore, is occasion-* 
ed by the insolubili^ of the newly formed carbonate of ate 
lime. asy 

arts 
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2. If Ikne water is eraporated in the ordinal^ way in tiie 
open air, the lime absorbs carbonic acid from the air, and 
fadls to the bottom of the vessel in the form of a powder. 
If this precipitate is exposed to the action of an acid, the 
carbonic acid is again extricated!, a proof that the air con- 
tains carbonic acid. That the air from the lungs contains 
this gas, may be shown in the same way, 

291. Lime is quite essential to the comforts and con* 
veniences of life ; its employment being extended to 
many purposes for which there is no substitute. 

Illus, The cement in which bricks are laid for the build* 
ing of hocuses is composed of lime and fine sand. The plas* 
teeing for the inside walls is composed of lime, sand, and hair. 
Lime is used in bleaching, for manure, in the process of 
tanning, &c. 

292. The base of lime is called calcium ; but it has 
never been obtained in sufficient quantity to examine its 
properties. 

293. Magnesia in a few instances has been found in 
the native state, but always in small quantities. That 
said by the apothecaries is obtained by the d^cpmposi- 
tion of sulphate of magnesia, which is contained in so- 
lution in some mineral springs, as that of Epsom, and in 
sea water. 

IUtu» Magnesia is obtained from its combination Mth 
sulphuric acid as follows : Dissolve any quantity of Epsom 
salt in a large proportion of soft water, and gradually add to 
it a solution- of pure carbonate of potash or soda. This will 
occasion a copious precipitate, llie precipitate is collected 
by passing the solution through a cloth. This is boiled re- 
peatedly with large quantities of pure water. It is then ex- 
posed to a red heat until a sample of it does not effervesce 
with acids. This is calcined magiiesia. 

Obs. In the above process, a double decomposition takes 
place : the sulphuric acid of the sulphate of magnesia^ com- 
bines with the alkali, and forme sulphate of potash ; while 
the carbonic acid of the alkali joins to the disengaged mag- 
nesia, and forms carbonate of magnesia. The heat drives off 
the carbonic acid. 

294. Magnesia is chiefly used it) taedicine. 
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Obt, It is gireo ^omlniied witii anipliaiio acid, ionniii|^ fu^ 
phate of magnena, called also Epaom salts, and in the form of 
caldned ^udcarbonaie of magnesia. 

295. The metallic base of nutgnena is called magnet 
ttton. The properties of this metal are unknown, it 
having never been obtained in a pure state. 

296. Silexj or silicious earthy is the principal constitur 
ent of flints or flinty stones. Common gun flints are al- 
most pure silex. 

Ilhu, Silicious earth can be obtained from eim flints or 
conuDon rock crystals, as follows : Expose the nints to a red 
heat, and while red hot, throw them into water This makes 
tiiem brittle. Then reduce them to a fine powder, and mix 
the powder with four times its weight of carbonate of potash, 
and expose the mixture to such a heat as to bring it into a 
state of complete fusion. We thus obtain a compound of 
alkali and siiicioos earth. Dissolve this in water and filter 
die solution ; then add to the solution sulphuiic acid. This 
will unite with the alkali, and the silex will be precipitated. 
"The precipitate being washed is silex nearly pure. 

297* Silex is the base of almost all tne stones which 
^ve fire with steel. 

Jllus. Jasper J quartz^ chdeeUmy^ ogate^ ^ are chiefly com- 
posed of silex. It is also deposited by vegetation in the bark 
of several kinds ^of plants. The saiid of the gea and of riv- 
ers chiefly consist of it. 

298. Pure silex is a white powder, perfectly tasteless 
and inodorous. It is not acted upon by any of the acids 
except the fluoric. (See fluoric acid.) 

299« Silex in the form of white sand is used in the 
making of glass. 

Illiis, Glass is made by fusing together certain proportions 
of white >^and, potash, and lead. 

300. The base of silex is called silicwm^ but it has 
never been obtained in a separate state. 

SOI. ^/umine derives its name of alum, bt^ which it 
is the base. 

Obs, Aluminous earth fhay be obtained from the sulphate 
of alumine and potash, which is common alum, by an easy 
process. Make a solution oi alum by dissolving in six parts 
12 
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of boiling water, one of alaia. When the solution is cofd^ 
add a solution of carbonate of potash to that of the alum. 
This will throw down a carbonate of alumine, because the 
alkali unites to the sulphuric acid of the alum, while the car- 
bonic acid of the alkali unites to the alumine. The precip- 
itate beiu^ washed by agitating' it in water, and then exposed 
to a red heat to drive off the carbonic acid, is alumine. It is 
however not perfectly pure, but will answer for common ex- 
periments. 

302. When alumine is moistened with water it forms 
a cohesive msiss, susceptible of being kneaded into regu- 
lar forms. 

Obs, 1. The tenacity of all sorts of clayey soils, or what 
is called argiiaceous earth, &c. depend on the quantity of 
alumine which they contain. Some clays, as fullers* earth, are 
composed of little else than this substance. All soi]s contain 
more or less of it ; and in what are called clayey soils it pre- 
domiates. The colour of these soils is owing to the admix- 
ture of oxide of iron, vegetable matter, &:c with the alumine. 

2. Several of the precious stones called gems, consist al- 
most entirelv of alumme : such are the ruby and the *a/>- 
phire, which contain nothing except this earth and a litUe 
colouring matter. 

3. Alumine is the chief ingrediefat in the clays used in pot- 
tery. It is also the basis of china ware, porcelain, &c. 

303. The metallic base of alumine is called alumium. 
Of the existence of such a metal there is only presump- 
tive evidence, the metal having never been seen in a sep- 
arate state : it is therefore chiefly from analogy that such 
a metal is supposed to exist. -« 

304. Zircon. This earth was discovered by Klap- 
roth in a precious stone from Ceylon, called jargon or 
zircon. It is also found in the hyacinth, another pre- 
cious stone. Like all the other earths it has the form of 
a white powder. It has been found only in small quan-* 
titles, and in no other substances except those above 
stated. 

305. Glucine has also been discovered in small quan- 
tities only. It hai heretofore been found only in a pre 
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cioos Stone called hertfl^ the emerM of Peru, and in a 
stone caWeA gad(molite, 

Ohs. It resembles alumine in several of itg properties. In 
others it is different. With acids it hks the peculiar property 
of forming a compound which is sweet to the taste. We 
have no knowledge of the base of this earth. If this is ever 
discovered to be a metal, its proper name will be ghmnum. 

306. Ittria, This earth has been detected in a stone 
called gadonoUte, found in Sweden. It is white and 
smooth to the touch like alumine ; but is not attacked bj 
the pure alkalies, in which respect it differs from both al- 
umuie and glucine. Nothing is known pf its base. 

307- Thorina was discovered by Berzelius, a Swe- 
dish chemist in 1815. It was obtained from a species of 
the same stone which afforded the last mentioned earths, 
glacine and ittria. It differs from glucine and cUumne 
by Its insolubility in liquid potash ; from ittria by its so- 
lutions being purely astringent without being sweet to the 
taste. 



QUESTIONS ON THE EARTHS. 

What are the names of the alkaline earths ? 
What are the names of tlie simple earths ? 
Wliat is said about tlie metallic bases of the earths P 
WfuU are the colours of the pure earths ? 

BARYTES. 

How may pure bary tes be obtained ? 
What are the qualities of this earth ? 
What are the uses qT this earth ? 
What is the base ofbarytes called ? 

STRONTITES. 

In what state is this earth found native ? 
What is the mdallic base of this earth called? 
What is the mo^ obvious OistineHon between this earth and 
bary tes ? 
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LIME. 

What is the^orm under which lims exists in the greatest 
abundance ? 

How is <iuicKLTHC pre{^red ? 

How do you account for the heat produced by the slack- 
inff of lime ? 

ifi what propcniion is lime soluble in water ? 

What is said of lime as a test for carbonic aad ? 

What are the principal uses of lime ? 

WTiat is the base of lime called? 

MAGNESIA. 

How is MAGNESIA procurod ? 

What are the uses of magnesia ? 

What are the forms in tohwk it it used in medicine r 

fVhatisihentetullie base <^ Ms earth called? 

Has this meStU ever been obtained? 

SILEX. 

What are the stones in which silex is chiefly found ^ 
Describ^ the mode of obtaining this earth ? 
What is the colour and taste of silex ? 
What are the acids whieh ad on silex ? 
What are the uses of this earth ? 

ALUMINE. 

From whence does this earth derive* its nafne ? 

Describe the process of obtaining this earth. * 

What is said of the existence of the earth in soils ? 

WhcUpreeums stones are composed of alttmvne ^ 

What USE is made of this earth in the arts ? 

Gtve some account of Zircon, Glucine, Ittria, and Thorina. 



OP.THE ALKALIES. 

308. The alkalies have all of them an acrid, caustic 
taste ; they are soluble with water ; they form glass with 
silex by means of heat ; they render oils missible with 
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water, or form soap ; they change the red colours of 
vegetables to green ; they unite to sulphur by fusion ^ 
they dissolve animal substances. 

3^, The alkalies at present known are four in num- 
ber. Potash, soda, lithia, and ammonia. The three 
first are called fixed alkalies, because they do not evapo- 
rate m the open air, or at considerable degrees of heat. 
Ammonia is called the volatile alkali because it flies ofi* 
in a gaseous form when exposed to the air. 

06f . Potash is so called from its being prepared or boiled 
down in pots. It is obtained by passing water through wood 
asbes and afterward* evaporating the water. - 

310. Potash may also be obtained from the lees of 
wine. . ' 

Obt. When the tartar of wine and nitre or salt petre are 
burned together, they afford the substance called nUt of tar- 
tar. This is potash combined with carbonic acid in a toler- 
ably pure state. It is the kind of carbonate of potash most 
commvnly used in medicine. Sail of wormwood is' the car- 
bonate of potash, obtained by burning wormwood and treat- 
ing the asbes as above described. It was formerly supposed 
to possess higher medicinal powers 'than the common carbo- 
nate of potash, but differs from it only in being more pure. 

311. Potash is used in making soap, and glass, and in 
the process of bleaching. 

06«. Soft soap is made with potash, and hard soap with 
soda. 

312. Common potash, Baits of tartar j salt of worm/' 
woody and pearUash^ are only different names for car- 
bonate of potash. 

Ote. Potash combines with two proportions of carbonic 
acid, forming two different salts. The first is called «ti^ 
mrbimate and the other carbonate of potash. In the first the 
alkali is not fully saturated with the acid, but in the carbo- 
nate it is supposed to be saturated. Some authors use the 
term carbonate, for what is here called sub-carbonate, and 
bi-earbanate for carbonate. 

313. Potash has been found to be a compound body, 
consisting of a metal called potassium and oxygen. 

12 • 
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Ob9. This discorery was made by Sir Humphrey Davy. 
The decomposition is effected by a powerful gelyanic batte- 
ry* For this purpose a piece of pure potash weighing^ 60 or 
i'O g'rains, in piaced on a small insulated plate of platina, and 
the galvanic in^uence from a battery consisting' of at least 
one hundred pairs of six inch plates, is passed through it. 
The decomposition of the potash instantly begins to take 
place ; small bubbles appear at the negative poJe of the bat- 
tery, having a high metallic lustre like quicksilver. These 
globules are potassium, 

Expl, The galvanic influence has the power of separating 
the elements of bodies. Thus on exposmg sulphate of pot- 
ash, (a substance composed of potash and sulphuric acid,) to 
the ar.tion of a powerful galvanic battery, the salt is decom- 
posed and pure potash is found at the negative pole, and sul- 
phuric acid at the positive. The decomposition of the pot- 
ash is on the same principle. Its elements are separated, the 
metal being attracted by the negative side of the battery, . 
and the oxygen passing off at the positive. 

f 314. It IS stated above^ that the substances commonly 
called potash, salts of tartar, &c. are carbonate of pot" 
ash. When potash is divested of its carbonic acid, there^ 
remains an extremely active substance called pure or 
caustic potash. 

Illus. To prepare pure potash dissolve any quantity oT 
pearlash in twice its weight of boiling water, and add to the 
solution, while hot, an equal weight of lime slacked in six 
times its weight of hot water. Boil the mixture half aa 
hour, frequently stirring it Then strain through a cloth. 
The potash will be in solution. Boil this solution to dryness, 
and immediately cork it up. Where potash is wanted for 
nice experiments, it ought to be boiled down in a silver ves- 
sel, and re-dissolved in alcohol, after which the alcohol is 
distilled off in an alembic and the potash is fused. 

O69. This substance is called hydreUe of patath because it 
always contains a quantity of water, even after exposure to 
a high degree of heat. 

It is used by surgeons as an escharotic. 

315. Soda IS obtained from the ashes of plants grow- 
ing on the sea-coast, and particularly from the sakola 
soda which grows in great abundance in some parts of. 
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Spain. It also occurs' in the mineral kingdom united 
with the sulphuric J muriatic, and horacic acids. 

Illus. 1. The substance known in commerce under the 
name barilla is an impure carbonate of soda. It is made by 
burning the plant solsola soda. Kelp is a still more impure 
substance of the same kind, procured by burning rarious 
plants^rowing in the sea. 

2. JBoraa: is form^ by the union of boracic acid and soda. 
It is fouud native in the East-Indies, Persia, &c. 

316. Sea salt is a muriate of soda. The ocean is 
impregnated with it. r 

317. Soda is found 4n great abundance in Egypt in 
the form of a carbonate. 

318. The article sold under the name of soda or car- 
bonate of soda, is obtained by the decomposition of sul> 
phate of soda (Glaubers salts) or muriate of soda (sea 
salt.) 

Ulus. The decomposition of the sulphate of soda is effec- 
ted by heating the salt with charcoal and chalk in a fHrnace. 
By this means the sulphuric acid is disengaged, while the 
soda absorbs carbonic acid from the charcoal and chalk. 
Thus a carbonate is formed instead of a sulphate. 

The muriate of soda is decomposed by mixing with ita 
solution in water, a solution .of the carbonate of potash. 
Botli these salts are decomposed. The muriatic acid of the 
muriate of soda, unites with the potash forming a muriate of 
potash, while the carbonic acid of the potash unites to the 
soda, forming carbonate of soda. 

319. The caustic or hydrate of soda may be obtained 
by following the process already described for potash. 

. 320. In most of their properties potash and soda re- 
semble each other. When pure they are both equally 
caustic, destroying the skin and flesh of animals, when 
suffered to touch them only for a few moments. They 
both form soap with oils, that made with soda being hard, 
and that with potash soft. They both form glass with 
silex by fusion, <&c. 

321. The base of soda, like that of potash is a metal. 
It is called sodium^ and is obtained by exactly the same 
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process as described for obtaining potassium. A stronget* 
galvanic power is however required to decompose soda^ 
than potash. 

Obi. The base of soda agrees in most of its properties with 
that of potash^ Both these metals are hghter than water. 
They are of a brilliant white colour resembling quicksilver. 
Sodium is soft and malleable, and m'av be flattened into 
sheets by a slight presaare. Both of tnem absorb oxygen 
with surprising avidity When thrown on water they decom- 
pose it with great violence. The action of potassium on 
water is attended with some beautiful phenomona. When 
thrown on it, or when brought in contact with a drop of wa- 
ter, an .instantaneous explosion is f^foduced, with a vehement 
flame. When sodium comes in contact with water, it produ- 
ces a violent eflervescence, and a loud hissing noise, but does 
not produce an explosion attended with light and heat as 
potassium does. 

322. The phenomona produced by both these substan- 
ces when they come in contact with water, are conse- 
quence of the extreme rapidity with which they decom- 
pose it, by absorbufig its oxygen and sett'mg free its hydro- 
gen. 

Obs. It has been observed, that these two metals are obtain- 
ed by depriving potash and soda completely of their oxygen. 

When potassium or sodium is exposed to the air, they at- 
tract oxygen and fall into powder, which on examination is 
found to be pure potash, or soda. When thrown into water, 
a solution or one of these substances is found to be the result. 

These facts show beyond all doubt that the bases of potash 
and soda are of a metallic nature. 

323. IdthiayOr litkina is an alkali lately discovered in 
Sweden. It was first found in a mineral called petalite, 
and has sitice been detected in some other substances. 

Obs. Lithia has been found in small quantities only. In 
its caustic qualities it resembles the other alkalies, as also in 
changing the blue colours of vegetables to green. In some of 
its properties however, it is entirely distinct from potash;' or 
soda, and particularly in possessing the power of neutralizing 
a much greater quantity of the different acids, than either of 
those alkalies. Like these, it unites to acids and forms a 
^lass of salts, none of which however have yet been applied 
iy use. 
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S24. Ammonia. Pure ammonia always exists in the 
state of a gas. It is obtained by the decomposition of 
muriaie rf ammonia commonly called aal ammoniac. 

Exp, Mix together equal parts of muriate of ammonia and 
dry quicklime, each separately powdered, and introduce them 
into a flask, or small retort. Then apply the heat of a lamp 
and receive the gas over mercury. 

Ohs, A substitute for the mercurial bath, is described in the 
first part of this volume among the chemical utensils. This 
may be used in making experiments on ammonia, and such 
other gases as are absorbed by water, where a mercurial 
bath is not at hand. 

825. This gas has a strong and pungent smell. It im- 
mediately extinguishes flame i but before a taper immers- 
ed, in it goes out, the flame is enlarged by the addition 6f 
another of a pale yellow colour, which descends from the 
mouth to the bottom of the jar. 

326. Ammonia is rapidly absorbed by water. 

lUu». Water absorbs more than 500 times its bulk of this 
gas. The vokUile spirit ofscU ammcmae is prepared by im- 
pregnating water with this gas. When the. cork is removed 
from a bottle of this liquid, some of the gas escapes, and ffives 
the well known pungent smell of spirit ^hartshorn. Alco- 
hol also absorbs a portion of this gas, and constitutes wha,t is 
called ammonicUea alcohol. 

Obs. There is a great difference in the strength of the above 
preparations. A small degree of heat wiU expel every par- 
ticle of the ammonia from either of them, and oy expanire td 
the open air the g[as gradually makes its escape. The conse- 
quence is, that this article is frequently sold when itr contains 
but a very smali quantity of ammonia. 

327. The article of commerce called udammomac 
was formerly brought from Egypt, where it was prepar- 
ed from the soot of animal substances. 

Illu8. All animal matters contain ammonia. At the pre- 
sect time it is manufactured in Europe in great quantities. 
Seveml processes are used at the different manufactories. 
At Paris, sal ammoniac is made as follows. Two kilns are 
constructed of brick ; into one of these is put a mixture of 
sulphuric acid and common salt, and into the other animal 
matters, as horns, bones, parings of hides, &c. On the appli- 
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cation of heat, there is extricated from the kila containing 
the salt and acid, muriaUe acid gcu^ and from the other am- 
monia. These gases are conducted by flues to a chamber 
lined with lead, where thev combine together and form sdid 
muriate of ammonia, which incnists the roof and. sides of the 
room, and enters into solution with a stratum of water on the 
floor. 

Ewpl. On the application of heat to a mixture of sulphuric 
acid and common salt, the muriatic acid of the salt comes off 
in the form of gas, it being set free in consequence of the com- 
bination of the sulphuric acid with the soda of the salt. The 
ammonia is extricated from the animal matter by th^ heat. 
Wh^n these two gases meet, they unite with each other, and 
are condensed in the form of muriate of ammonia. 

Exp, The abore mode of making sal ammoniac may be il- 
lustrated as follows. 

Take two flasks furnished with tubes as 
in fig. 29. Into one of them put a handful 
of sea salt and pour on this an ounce or 
two of sulphuric acid. Into the other, put 
equal parts of powdered quicklime and 
sal ammoniac. Invert over ^the ends of 
both tubes the tall bell glass, or what is 
better a tubulated receiver as seen in the 
figure. Then let a gentle heat be appli- 
ed to the bottom of each flask. The two 
gases will be disengaged, and will form a 
white cloud, which will be condensed on 
I the sides cX the vessel. If one of the gas- 
es be introduced into the receiver with- 
out the other, it will remain transparent 
until it meets the other, when there is 
instantly formed the thick white cloud. This affords a rery 
pretty eTneriment. 

S28. The article used in smelling bottles, and called 
volatile halts^ salts of hartshorn^ ^c. is a carbonate of 
antoionia. It may be prepared by proceeding exactly as 
in the above experiment, except that carbonic acid mast 
be substituted for the muriatic acid gas. — See 154. 
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329* Ammonia is a compound body. * It is decompo* 
sed by electricity and separated into its elements, which 
9Ti hydrogen and nitrogen, 

330. It is suspected from some experiments made on 
ammonia, by means of galvanism, theft its base is a metal. 
If this be the case, then the bases of hydrogen and nitro- 
gen are also metals, as the base of ammonia consist of a 
union of the bases of hydrogen and nitrogen. This fol* 
lows from the electrical analysis of ammonia, by which 
these two gases alone are obtained. 

Obs. This 18 a veiy curious subject, and fine of great import 
tance to the science of chemistry. If it should be proVed that 
the bases of hydrogen and nitrogen are metalsi, a novelty no 
less than that of the existence of a metal, or a metallic oxide> 
in the state of a permanent gas, would be exhibited. At the 
same time it would of course be concluded,, by analogy, that 
>11 the other aeriform bodies are also metats in some form o^ 
other. Nor is it kkely that supposition would rest here, but 
in ail probability^ by a course of analogical reasoning, all sub- 
stances, compound as well as simple, would be considered as 
possessing metallic bases, until the contrary should be proved. 
So that ultimately, we should have bo idea of a suostance 
which was not met-tllic. 

331. The evidence that ammonia is possessed of a 
metallic basis is as follows. 

When mercury, negatively electrified, is placed in the 
galvanic circuit in contact whh solution oi ammonia, 
the mercury gradually expands to four or §k\e times 
its former dimensions, and becomes a soft solid of the 
consistence of butter. By this process, the mercury ac- 
quires an addition to its weight of about one twelve thou- 
sandth part, and it is remarkable that its bulk is so in* 
creased by this small addition of weight, and its specific 
gravity is so lessened as to be only three times heavier 
than water, when before the process, it was about four- 
teen times heavier. 

Obs. That the quicksilver in the above experiment absorbs 
a metal from the ammonia, and that the change which it un- 
dergoes, depends on this fact, is inferred thus. So far as 
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known, the metals are the onlj bodies capable of amalg:ama- 
tiogf with mercary. When this takes|>lace, the mercury still 
retains some of its characteristic properties, as for a time its 
lustre and colour, but loses others, as its fluidity. In the 
above instance the change produced by the ammonia, resem- 
bles the known effects of a metal on the mercury. In both 
eases it becomes a soft solid. Therefore the mercury has 
amalgamated with a metal, and if with a metal, it follows of 
course that this must be the base of ammonia. 

All attempts to detach the metal of ammonia from the auick- 
silver and exhibit it in a separate form, have heretofore railed. 
When however,^he amalgam is exposed to the air, the mer- 
cury is revived, and a small quantity of ammonia is produced. 
Hence it is said that the metal ammonium^ absorbs oxygen 
&om the ai^, and falls into ammonia. 

The intelligent reader will notice from the above account, 
that there is at present no very positive proof, ^at the base of 
ammonia is of a metallic nature. 



QUESTIONS ON THE ALKALIES. 

What are the general properties of the alkalies ? 

What are the names cfme alkalies ? 

Why are the three first called fixed ? 

Why is ammonia called the volatile alkali ? * 

POTASH. 

From whence does potash derive its name ? 

How is POTASH obtained ? 

What is salt of tartar ? 

What is salt of wormwood ? 

How do these salts differ from common potash ? 

What are the principal uses of potash ? 

In how many proportions does carbonic acid combkne wth 
potash? 

What ate the nam^/of these salts ? 

What is the ^*fi^<»t«ton of POTASH? 

How was ihei^f^flnmsiiJon of potash effected?^ 

Howdoyou (^(nm/ar the decomposition of potash by the 
galvamcbcUte^? 

How is pure or c^nstic potash prepared ? 

How does &vi8 differ from the carbonate of potash ? 
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SODA. 

How is SODA prepared ? 

How does SODA differ from potash ? 

What 19 tiie oomposition of borax f 

What is ihe composition of sea-salt ? 

How is SODA obtained from the sulphate of soda ? 

Id what respects does soda resemble potasii. 

How does soap made with these two alkalies differ. 

JFhat is said of the metals potassium am^sQdium ? JFkat is 
their spedJU gravity 7 % hB 

What is the effect vohen thiy come in wmKfwith water. 

On what principle do you account for the combustion of 
these metals when thrown on water ? 

What proof is there that the bases of potash and soda are me- 
tals ? 

UTHU. 

What i»the history of lithia ? 

In what respeU does lilhia resemble the other alkaUes? 

How is this alkali distinguiihedfrom potash and soda f 

AMMONIA. 

In whfi form does pure ammonia e%iAt ? 

How is AMMONIA obtained ? 

How may am$iioma be retained and exammed without a mer* 
curial bath ? 

Whateffed does this gat have onflameT 

How is. SPIRIT or hailtshorn prepared ? 

What is ammoniated alcohol ? 

What is said of sal ammoniac ? 

How is this SALT prepared ? 

Explain the principles on which the formation of sal am- 
BitoNiAe depends during^ this process. 

Is ammonia a simple or compound body ? 

What evidence is there thai ammonia has a metallic basis f - 
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OF THE ACIDS. 

33% The word acid is applied to all such substanees 
as are possesed of one, or more, of the following proper- 
ties. 

They are^our to the taste. 

Obs, This it very dtfierent, as to its deg^e in different 
acids. Some, of them are so intensely sour as to bum the 
tongue, as the^^^and sulphuric acids. Others have this 
property only i^H|iiU deg-ree. 

333. They redden vegetable blue colours. 

Obs. Hence blue vegetable infusions are good tests of the 
presence of uncombined acids. A piece of paper stained by 
rubbing it with the flower of larkspur, iris de, answers the 
same purpose. It turns red when touched with an acid. 

334. They combine chemically with alkalies, earths, 
and metallic oxides, and form salts. 

Obs, The peculiar qualities of both the acid and alkali are 
destroyed by this union. 

Exp. Mix together the two caustic substances pure soda 
and muriatic aad^ and there will be produced the mild com- 
pound, common salt, 

Obs, Though the above are qualities which belong to most 
of the acids, yet some few of them are neither sour to the taste, 
nor do they redden vegetable colours Thus thepntssicdicidj 
has only the (|ualitie8 enumerated under the third head. It 
forms salts with alkalies and oxides. 

335. The acids are formed by the chemical union of 
oxygen with a base. 

Obs. What are called acidifiable bases, are such substances 
as have the power of combinibg with such qualities of oxy- 
gen, as to form acids. 

236. Some bases combine with oxygen in several 
proportions and form distinct acids, corresponding in 
some peculiar properties to each proportion of oxygen. 

liltts, Suli^hur unites witli oxygen in two proportions, and 
forms two distinct acids. One of them exists in the form of 
a i^as. of a suffocating odor, which destroys vegetable colours ; 
the other is a heavy liquid which corrodes and destroys all 
kinds of vegetable and animal matters. These properties de« 
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pend on the different proportions of oxygen which each con- 
tains. 

S37* The peculiar properties of the acids, and also 
their names aie derived from their bases. 

Ilhu^ Sulphur, when combined with oxygen, forms sul- 
phuric acid ; carbon, carbonic acid, &c. The great differ- 
ence between these two* acids, depends on the sulphur and 
carbon, oxygen being the acidifying principle4n both. 

338. The proportion of oxygen with which a base has 
combined, is denoted by the name of the aicid formed. 

Illtu. When a base has combined witJM|s full proportion 
of oxygen, the name of the acid ends in 1^ When the base 
has combined with only one proportion and is capable of re-* 
ceiving more, it ends in ow. Thus, sulphur when united to 
one dose of oxygen, forms sulphurouf acid ; when united to 
another dose it forms sulphuric acid, and so of the other bases. 

339' In some cases a combustible base, which affords 
an acid when fully oxigenated, constitutes only an oxide 
when combined with a less quantity of oxygen. 

Illtts, Carbon for instance, with one dose of oxygen forms 
tarbonous oxide ; with another dose carbonic acid is formed. 

840. Every acid, with a few exceptions, is capable of 
uniting with each individual of the alkalies, earths, and 
metallic oxides. 

Obs, in every salt therefore, there are present two distinct 
ingredients, viz. an acid, which is^called the salifying princi^ 
ple^d an alkali, an earth, or a metallic oxide. 

141. The generic name of the salt is taken from the 
name of the acid. 

lUus. In this respect, the several salts formed by the union 
of one acid with the different bases is a distinct class. Thus 
sulphuric acid forms with potash, ttdpfuUe ofpotashy with ox- 
ide of iron, sulphate ofiron^ Sfc, ■* ^ * 

342. The different acids, composed of the same base 
with different proportions of oxygen, form very different 
salts when combined with the same alkali. 

Illus. The salt for instance which the sulphurous acid forms 
with potash, is very unhke that which it forms with the sul- 
phuric. 
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343. The proportion of oxygen in the acid of which 
a salt is formed, is denoted by the termination of the 
generic bame of the salt. 

Illus. Thus salts formed with ait acid ending in tna Hw^j^ 
ends in ite; as sulphurotu acid forms with potash, sulphurii^ 
of potash. Acids endiog m tc, form salts ending in ate ; as 
salphttnV acid forms sulphate of potash. 

344. In most cases the acid and base combine in such 
proportions, as that neither predominates, and conse- 
quently the compound formed is a neutral salt, fn^ ft^ 
instances howe^pl, a neutral compound is capable of uni- 
ting with an additional quantity of acid, or of base, so. 
that one predominates over the other. 

Illus. Tartaric acid is capable of uniting with potash in a 
double proportion, so that the acid greatly predominates over 
the alkali. Such salts are distinguished by prefixing to their 
names, the latin preposition super. Thus we have super tar- 
trate of potash, super sulphate of potash, &c. 

345. When the base predominates, the deficiency of 
the acid is denoted by the preposition «tt6, as sub carbo- 
nate of potash, sub borate of soda, &c. 

Ohs, The pupil will see at once, with what ease the names 
and composition of a great variety of salts may be remember- 
ed, by observing the above rules. By knowing the name of a 
salt we know its composition. Thus muriate of soda is com- 
|)08ed of soda and muriatic acid. If we know the composi- 
tion of the salt, we also know its name. Thus a combinaticn 
of muriatic acid and lime would make muriate of lime, and so 
of all other substances capable of forming salts. 

346. The acids admit of being divided into three class- 
es, according to the nature of their bases, or the kingdoms 
of nature in which they exist, vii. mineral^ vegetable^ and 
animcU acids. 
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MINERAL, AND METALLIC ACIDS. 
06fw These acids are composed of a simple base and oxy- 



Sulphuric, 

Sulphurous, 

Nitric, 

Nitrous, 

Carbonic, 

Boracic, 



BASES. 

> Sulphur. 

> Nitrogen. 

Carbon. 
Boron. 



Muriatic, 



BABES. 

Unknown. 



> Arsenic. 



Arsenic, 
Arsenious, 



Chromic, Chrome. 

K£s. \ Moljbdenuo,. 
Tungstic, Tungsten. 

Columbic, Columbium. 
Fluoric, Unknown. 



VEGETABLE ACIDS. 



Obs. These acids all contain two simple substances^ as a 

base, viz. carbon and hydrogen. These are combined with 
oxygen forming acids. 

Acetic, Gallic, Pyroligneous, 

Oxalic, Citric, Camphoric, 

Tartaric, Mallic, Subenic, 

Pjrotaric, BenziKC, Kioic. 

ANIMAL ACIDS. 

Obs. Some of these acids, in addition to hydrogen and car- 
bon as a base, contain nitrogen also. Oxygen as usual is con- 
sidered the acidifying principle. 

Phosphoric, Sebacic, 

Lactic, Prussic, \ 

Saccholactic, Bombic, 

Formic, Uric. 

Obs. Some of the above acids are both animal and vegeta- 
ble. Thus the prussic acid is found in plants as well as ani- 
mals. Several of the mineral acids, as the sulphuric and mu- 
riatic are found among animal bodies, &c. 

MINERAL ACIDS. 

347* Sulphuric acid is a heavy corrosive liquid, pow« 
erfuUy acid to the taste, but destitute of smell, and free 
13* 



146 ACtD3. 

from colour. It is formed by the combastion of sulphar. 

lUus, Sulphur in the open air, bums with a pale blue lig^bt 
and suffocating smell ; but by burning it in any oxygen g%Ls, 
at the same time all moisture being excluded from under the 
vessel, a dense white Fapo^tr is produced, resembling snow. 
This is dry sulphuric acid. 

06f. When sulphur is burned in common air, lulphiiroas 
acid is formed. In this case the sulphur has not «oiubined 
with its full dose of oxygen. When it is burned in oxygen 
gas it combines with its maximum of oxygen, and becomes 
sulphuric acid. When water, which has a strong attraction 
for this acid, is saturated with it, the common liquid sulphuric 
acid, or oil of vitriol is formed. In the manufactories of this 
acid, the sulphur is mixed with a certain proportion of nitre, 
and the mixture is burned in chambers lined ^fitb lead. The 
nitre supplies the oxygen necessary to form sulphuric acid, 
which is absorbed as it is formed by water, with which the 
floor of the chamber is covered. This acid when concentra- 
ted by boiling, is about twice as heavy as water. A bottie of 
it is soon tinged brown by dropping into it, any vegetable 
matter. If stopped with a cork, this commonly has the same 
effect. This is caused by the carbonization of the vegetable 
matter, by the oxygen of the acid. 

When this acid is mixed with water, in the proportion of 
about four of the former to one of the latter, the temperature 
of the mixture is raised to about 300 degrees. 

348. When sulphuric acid is united to alkalies, earths, 
or metallic oxides, the compounds are termed sulphates. 

Illus, The substance used as a manure, cement, &c. 
and called plaiter ofparis^ is a compound of sulphuric acid 
and lime, it is therefore sulphate of lime. The article used 
in dyeing and called copperas, is a compound of this acid and 
oxide of iron, or *m//)^<€o/' iron. 

Obs, Formerly sulphuric acid was obtained by the distilla- 
tion of copperas, or, as it was also called, green vitriol. Hence 
tliis acid was called oil of vitriol. 

349* This acid is decomposed by almost every indi- 
vidual of the class of combustibles, especially when assist- 
ed by heat. 

Ilius. When charcoal is immersed in hot sulphuric acid, 
the charcoal absorbs from it the oxygen which constitutes it 
sulphuric acid, and it is in consequence converted into su1< 



phurow acid. Several of the metdk produce the same effect 
Dj- absorbing the oxygen. 

Sulpburic acid is composed, in its dry state of about .40 
parts of sulphur and 60 of oxygen to the 100. When liquid^ 
and of th6 density of 1850, it contaius 19 parts of water and 81 
of the acid. 

S50. Sulphtrom add. This acid exists in the form 
of a gas. r It is produced when sidphar is burned in com« 
mon air. 

Exp, By ineatis of a small spoon; or scoop, plunge some 
burning sulphur into t wide mouthed bottle filled with com- 
mon air. As the sulphur bums, sulphurous acid gas is for- 
thed, which will soon fill the bottle. It must then be corked 
up. 

351. This gas has a pungent and suiTocating smell. 
It extinguishes burning bodies and destroys animals wheii 
they are made to breathe it. It has the property of 
whitening, or bleaching silk, straw, linen, cotton, &c. 
Water absorbs about 33 times its bulk of this gas. It is 
heavier than common air. 

Exp. 1. Plunge a burning taper into a bottle of this gas, 
and it will be instantly extinguished. 

Remark. It is so much heavier thsln atmospheric air that 
a bottle of it may be uncovered for a time without its escape ; 
consequently these experiments are easily made, by cover- 
ing the bottle with a plate of glass, and removing this when* 
ever any thing is to be introduoed. 

Exp. 2. Its bleaching property may be shown by permit- 
ting any of the substances above mentioned to remain in it 
for a sfiort time. Coloured flowers are tamed white by it. 
They must be moistened with water before they are introdu^ 
ced.r 

352. Some of the metaUic oxides are revived by the 
action of this gas. 

Exp. Make a solution of acetate of lead in pure water, and 
with this moisten a piece of silk, or a small plant, as a sprig of 
mint, and while moist introduce it into a bottle of this gas. 
The metal will be revived and will cover the surface of &e 
article with brilliant metallic lead. 

Obg. Sulphurous acid has a strong tendency to combine 
with an additional quantity of oxygen. . Acetate of lead ia an 



148 ACIDS. 

oxide of the metal dissolyed in an acid. When this is depri- 
ved of its oxygen, it returns again to the state of a metal. In 
the ahove experiment the oxygen is absorbed by tlie acid, ^ 
and consequently the oxide is revived. 

354. Nitric add. This acid is obtained from the 
salt called nitre, or scdi petre. This is composed of 
nitric acid and potash, it is therefore nitrate of potaab. 
The decomposition is efiected by sulphuric aeid« 

Exp. Put into a glass retort four parts of nitre reduced t<y 
a coarse jwwder, aiS pour upon it three parts of strong sul- 
phuric acid. Adapt a large tubulated receiver to the retort, 
and lute the junctures with a mixture of pipe clay, sand, and 
cut tow. Then apply the heat of a lamp or sand bath. The 
receiver must be tept cold during the process, and furnished 
with a tube of safety. The iSrst product which passes over is 
red and smoking. This gradually diminishes, and the acid 
drops down pale, or colourless. 

354. Nitric acid, made hy the above experiment is 
not perfectly pure, but always contains a portion of rau- 
niatic and sulphuric acid. 

Obs. Pure nitric acid always exists in the state of a gas. 
This, however, is found only in the labratory of tine chemist. 
What is commonly known by this name, contains a quantity 
of water, and forms what chemists distinguish by the name of 
hydro mtrie acid. As this, however, is so generally known 
by the name of nitric acid, or aqua fortis, we shall continue 
to caU it so at present. 

' 355. Nitric acid when pure, is a colourless liquid con- 
siderably heavier than vater. It emits white fumes 
when exposed to the aii. It gives an indelible yellow 
stain to the skin. It becomes coloured by the sun's light, 
passing first to a straw colour, and then to a deep orange. 

Obs. This cban^ of colour is produced by union of the 
light of the sun with the oxygen of the acid, in consequence 
of which,, the acidifying principle suffers some diminution. 

35G. This acid retains its oxygen with but little force^ 
and hence it is decomposed by all combustible bodies, 
#hich deprive it of its oxygen with more or less rapidity. 
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Exp. 1. Potir strong: nitric acid on some wann, dry, and 
finely povrdered charcoal. The charcoal will become igni- 
ted, giving out an immense quantity of fumes. 

Obi. The charcoal absorbs the oxygen from the acid, with 
such rapidity as to produce ignition. 

•Exp. 2. Put halif an ounce, or an ounce of oil of turpen- 
tine into a small cup ; then pour on it suddenly about half an 
ounce of strong nitric acid. The turpentine will burst into 
flame, with au explosion, sending forth an immense rolume of 
black smoke. 

Remark. In making this experui^ent, the vessel 'Contain- 
ing the acid must be tied to a stick, so that the operator may 
stand at a yard or two distance, from the explosion. 

Obs. The acid inflames the oil on the same principle that it 
ignites charcoal. 

Sb7. Nitric acid dissolves silver, copper, line, &c. 
The solution is more rapid if the acid is diluted witl\ wa- 
ter. 

Obs, This acid is called aqua fortis, and under this name is 
of important use in the arts. 

358. When nitric acid is submitted to the action of 
copper, and some other metals, a part of its oxygen is 
imparted to the metal, and of consequence the nitrtc is 
converted kito the nitrous add, 

359* This acid combines with the alkalies, earth, and 
metallic oxides, and forms a class of compounds called 
fdtratei. Most of these salts deflagrate wbeif thrown on 
red hot charcoal. 

360.* Nitrous add. When nitrate of potash is expo- 
sed to a degree of heat suflicient to deprive it of a part of 
its oxygen, and the process is then stopped, and the salt 
submitted to the action of sulphuric acid and heat, there 
comes over what is called nitrous add. 

Obs, When nitric acid is charged with the red fumes of 
nitrous gas, as in the beginning of the process for obtaining 
this acid, it is more commonly called nitrous acid. Indeed, 
chemists have doubted whether there existed an acid properly 
denominated nitrous, and which bore the same relation 
to the nitric, that sulphurous acid does to sulphuric. By 
the above process, an acid is obtained which contains less ox- 
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yg^n than ihe colourless nitric acid* But this same acid wiU 
oecome colourless by exposure to the air, the red fumes 
readily niakiDg their escape ; and it is well known, that what is 
called nitric acid contains various proportions of oxygen. 
jN^ow whether what is denominated nitrous acid, is a definite, 
and distinct compound, or whether it is nitric acid containing 
a quantity of nitrous g^is, which gives it colour, is a question 
on which chemists are divided. Mere dilution with water 
will change the colour of this acid. Thus the orange colour 
will pass through the shades of blue, olive, and bright green, 
by adding successive portions of water. 

Some good authorities, however, maintain |hat the nitrous 
acid is a distinct compound, but it is difficult to point out to 
the student, any distinctions by which the difference between 
the two acids maj be obvious, except that the nitrons acid 
contains the red nimes of nitrous gas, while the nitric acid is 
without colour ; still the coloured acid may be much stronger 
than the colourless. 

It does not seem that the combinations of this acid with the 
different bases, afford compounds which differ from the ni* 
irate, there being, it is believed, no compound which bears 
the name of nitrite. 

361. Carbonic acid. This acid when in a separate 
state, or uncombined with other substances, always exists 
in the state of a gas. It is perhaps more widely diffused 
than any other gas or acid. It is procured either by the 
direct combination of carbori with oxygen by combustion, 
or by expelling it from its natural union with lime by 
means of sul phuric acid . « 

Exp, Fill a bottle with oxygen gas and set it upright. 
Fasten a piece of charcoal of a cylindrical shape and two in- 
ches long, to a piece of wire, by winding the wire round one 
of its ends. Have the other end of the wire connected with 
the cork of the bottle. Ignite the lower end of the charcoal, 
and plunge it into the oxygen gas, putting the cork in its 
place. A vivid combustion of the charcoal will take place, 
attended with brilliant scintiUations, affording a beautiful ex- 
periment. 

Obs, On examination of the gas in the bottie after the 
above experiment, it will be found that the oxygen has been 
converted into carbonic acid. This may be shown by pas- 
sing a few bubbles of it into a vessel containing lime water. 
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The water will instantly become turbid, and if suffered to 
stand, will deposite a white powder, which will a^in give 
cMit carbonic acid on treating it with sulphuric acid. It is 
tberefore a carbonate of lime. 

362. Although the combustion of charcoal in oxygen gas 
afiords good proof of the constitution of carbonic acid^ 
there ift still further evidence that this gas is composed of 
carbon and oxygen. This consists in the analysis, or de- 
composition of the gas itself. 

Exp, Provide a tube of very thin glass aljout one third of 
an inch wide and 18 or 20 inches long, sealed at one end. 
Coat it, to within an inch of the sealed end with a Inte of sand 
and clay ; and when this is dry, put into it as much purified 
phosphorus in small pieced) as will fill the uncoated part. 
Then cover the phosphorus with pure white carbonate of 
lime. Let the part of the tube which contams the carbonate 
be made red hot by means of a chaffing dish of coals, or oth- 
erwise, and at this moment apply heat to the part containing 
the phosphorus, sufficient to convert it into vapour. When 
the tube is cold, on breaking it apart, there will be found in 
it a small quantity of very light black powder, which is char- 
coal. « 

Obs, The heat expels carbonic acid from the carbonate of 
lime. Phosphorus, particularly when converted into vapor 
by heat, has a most powerful attraction for oxygen. In this 
experiment, the phosphorus attracts the oxygen from the car- 
bonic acid, an<l the carbon is deposited in the form of a black 
powder. 

For ar further account of carbonic acid, seethe article car- 
bon. 

363. Muriatic cund, or spirit of sea salt, is obtained 
from common salt, by means of sulphuric acid assisted by 
heat. 
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Exp. Into a tu- 
bulated retort, see 
fig. 30, a. put eight 
ounces of sea salt, 
and lute the retort 
to a lar|[e tvbala- 
r ted receive* To 
the tubulure of the 
retort, lute the bent 
glass tube 6, and to 
Uie aperture of the 
_ receiver e, adapt a 

\ twice bent at right angles, and furnished with a contri- 
Tance J, for preventing absorption. The longer leg of this 
tube terminates beneath the suiface of water contained in 
the two necked bottle, e. From the other neck let another 
right angled tube proceed, which may terminate in another 
bottle containing water. The total quantitv must be about 
&ye parts. Let all the junctures be carefully luted with the 
fat lute, and when dry, pour very gradually through the bent 
tube, on the salt, five parts of strong sulphuric acid. Mu- 
riatic acid gas will be liberated in abundance and will pass 
through the receiver to the first bottle where it will be absor- 
bed by the water. When this is saturated, it will be absor- 
l>ed by the second bottle. When all the acid has been pour- 
ed in, and the gas has ceased to issue, apply a gentle heat to 
the bottom of the retort. The water in the bottles, saturated 
with the muriatic acid g^s constitutes liquid muriatie acid^ 
sometimes called marine acid, spirii of tea salty &c. 

Obs, The pupil may not understand the uses of all parts of 
this apparatus. The bent tube 6, prevents any of the gas 
from escaping in the room, since some of the sulphuric acid 
will remam in it as is obvious on inspection. The use of the 

flobe < is to retain any vapor which comes over, that is con- 
ensible by cooling, as water mixed with sulphuric acid ; the 
object of the experiment bein|^ to obtain the muriatic acid in 
a state of purity. The tube twice bent, d, and called a Wetter* 
it/teof satety, after the inventor, is partly fiJlled with water at 
the beginning of the experiment. This is to prevent absorp- 
tion of the water from tlie two necked bottle into the receiv- 
er, in case a partial vacuum should be formed from the cool- 
ing of the retort. On inspection of the figure it will be obvi- 
^j that the pressure of the atmosphere would throw the w«- 
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ter contained in the ball up the tube until the air rushed in. 
On the contrary, no gas can escape, because any pressure 
from within, would be followed by a high column of the water 
in the perpendicular part of the tube. 

S64» Liquid muriatic acid has the folloviiig proper<» 



It emits white suffocating fumes. These consisC of 
nniriatic acid gas, which becomes visible by contact with 
the moisture of the air. When heated in a retort, murl* 
attc acid gas is disengaged and may be collected over 
mercury, or by the contrivance described in the begin* 
Ding of this volume. Liquid muriatic acid is heavier 
than water. When perfectly pure it is colourless. It 
unites with alkalies, earths, and metallic oxides, and 
forms acUss of salts called nmriates. 

Obi, The oxymuriatic acid gas, otherwise called €hla» 
rime, has already been described. 

S65. Boftictcacic? is obtained from the 6ora<€q/'so<fo, 
commonly called borax, 

Exp. To a solution of borax ia boiling water, add half its 
weight of sulphuric acid, previously diluted with an equal 
quantity of water. Evaporate the solution a little, aod on 
coohng, shining scalv crystals will appear. These are bora- 
cic acid. Let them be washed with pure water and dried oa^ 
filtering paper. 

Obs. In the above process, the borate of 8f)da is decomposed 
by the sulphuric acid, which has a stronger attraction for the 
soda than the borScic acid has. The sulphuric acid and soda 
combine therefore, while the boracic acid is set free, and be- 
ing nearly insoluble in cold water, is deposited in crystals at 
the bottom of the vessel. 

366. This acid is destitute of smell and has very little 
taste because it b little soluble in the saliva, it melts 
into a glass which is permannt in the strongest fire. 
Boiling water takes up about one fiftieth part by weight 
of this salt. This solution reddens vegetable blues like 
the other acids, and effervesces with the alk^e earb^ 
nates. 

14 
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367* It is soluble in alcohol, and the solution burns 
with a beautiful green flame. 

368. The acid combines with the alkalies and earths 
and forms salts called borates. But the only important 
combination which it forms, is with soda. This com- 
pound is found native in India, and in the impure state in 
which it is imported, it is called tinccdj or brute borax ; 
when purified it forms the borax of apothercaries. 

3®. Phosphoric add^ is obtained by the oxiginatioa 
of phosphorus by means of nitric acid. 

Exp^ Aboilt half fill a tubulated retort with nitric acid, and 
apply a gentle heat. When the acid is. warm, drop into it 
through the aperture of the retort, a small piece of phospho- 
rus, and iostantly replace the stopper. The phosphorus will 
be dissolved with efiervescence, and large quantities of ni- 
trous gas will escape. When this has ceased drop in anoth- 
er piece, and repeat this until t)|e last piece remains undissol- 
ved. Then raise theheat to drive off the nitric acid, and the 
phosphoric acid will remain in the retort, partly in the con- 
crete and partly in the liquid form. 

06*. Phosphorus has a strong affinity for oxygen, which 
the nitric acid easily parts with. In the above experiment 
the phosphorus is oxiginated, and converted into an acid at 
the expense pf the oxygen of the nitric acid. In conse- 
quence of this loss of oxygen, the nitric is converted into ni- 
■tnmsneid ffas which escapes, aod occasions the effervescence. 

370. This acid has the following properties. It is so- 
luble in water in all proportions. It produces a saiall 
degree of heat when mixed with water. It has a sour 
tasie, but is not corrosive. With charcoal in a strong 
.heat, jt loses it»Qxyi;en and is again converted into phos- 
phorAis. 

371* This acid combines with the different salifiable 
bases and forms.a set of salts cnWed phospfiates. 

S72, This acid is found in the mineral, vegetable, and 
animal kitigdoms. In the mineral kingdom it is found 
combined, lead, iron, limestone, &c. forming phospho- 

^es of these substances. In Spain, whole mountains 
composed of phosphate of Uoie. When any of this 
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stone IS thrown on burning coals, it burns with a beauti- 
ful ereen light, which lasts for some time. 

373. In the vegetable kingdom, phosphc.us or its 
a^cid is found in a great variety of plants. Various seeds 
and roots contain it, as potatoes, agaric, &c. It is also 
found in the charcoal of some kinds of wood, and the 
spontaneous combustion of this article by which powder 
mills have been blown up, has been in some instances 
attributed to this circumstance. 

374. In the animal kingdom it is found in almost ev- 
ery animal substance, but particularly in the bones, 
which are composed almost entirely of the phosphate of 
lime. 

275 Phosphorus acid, is obtained by exposing phos- 
phorus to the atmosphere, from which it absorbs oxygen. 

Exp. Let a stick of phosphorus be placed in a funrel, the 
pipe of which termiuates in an empty bottle. It will slowly 
absorb oxygen from the air, and after some time wiU fall into 
the bottlo in the liquid state of phosphorous acid. 

376. This acid combines with the alkaline and earthy 
bases and forms phosphites, 

Obs, When aoy of these salts are heated, they emit a phos- 
phorescent flame. They detonate when heated with chlorate 
of potash. They are changed into phosphates by the absorp- 
tion of oxvgen, when mixed with nitric oxy-muriatic acid. 

Remarie. The following are properly metaUifi acids, as 
they cotisist of metals united to such quantities of oxygen as 
to privo ihf^m acid properties. 

377. Arsenous acid. The article commonly sold by 
the name of white arsenic is an oxide of the metal, but, 
as it fu16U one of the principle functions of an acid, it has 
of late been called ar8enot^« acid. This substance is in 
the form of a white powder of an acrid taste, and in so* 
lution with water reddens vegetable blues. 

06f. The arsenous acid sometimes occurs native, but is 
chieflv procured during the process of roasting the ores of 
other metals, which contain it. It comes sometimes in the 
form of lutnns of an inch or more in diameter, and some- 
times in the form of small cry stab. Most of it is brought 
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from Oeniiiny and ts obtaiiied from iht ores of eDt>ai[t. Theie 
ores are roasted in famaces teminated by loiig' chimDejs« 
Tbe arscni*: of which they always cootaiii more or less, is 
fnbliined by the heat and coocretes oq the sides of the chim- 
ney, in the form of the white oxide or arsenous acid, and 
m>m whence It is scraped off by condemned criminals. It 
h Afterwards sublimed again to purify it, and then fbrms tb6 
trtiele in Question. 

S78. The arsenous acid combines with the alkalies 
and earths, and forms arsetdtes. 
. S79- Arsenic acid. By repeated distillation with the 
lutric acid, the arsenous acid absorbs an additional qaan* 
lity of oxygen from it, and becomes arsenic acid. This 
is a white concrete substance, passessing a sour and at 
the same time a metallic taste. It reddens vegetable 
bines, and efiervesces stron^y with alkaline salutiooa. 
It is a most active poison. 

380. With alkalies, earths, and oxides, this add oofi« 
Stitutes the class of salt? called arsenates. 

381. Aniimomousacidis formed by dissolving anti- 
mony in nitric acid, evaporating the solution to dryness^ 
and igniting the product. 

Obs, This is the substance commonly called white oxide of 
antimony, but as it corabiaes with the salifiable bases and af- 
fords a class of salts, it is more properly ranked with the 
acids than with the oxides. These salts are called arUimO' 
nites. Voiy little is known of them. 

382. AnHmanic acid. This is commonly known un* 
der die name of yellow oxide of antimony. But as it 
combines with the earths and alkalies, it ought, like th« 
antimonions, to be placed among the acids. These ^salts 
are called antimoniaies. No common use is made of 
any of them. 

383. Chromic acid. The metal called chrome is sua* 
ceptible of three states of oxidizeraent. The first oxide 
is green, the second brown, and the third forms the 
chromic acid, which chrystallizes in the form of long 
prisms of a beautiful ruby red colour. This acid is otn 



tained from its native combination with lead, with which 
it forms a chromate of that metal, and also from the 
chroinate of iron a mineral found in abundance in the 
neighbourhood of Baltimore. 

Obs. The clircnijic acid is obtained from the chromate of 
lead by treating- this ore with carbonate of potash, and sepa- 
rating the alkali with a stronger acid. 

384. None of the metallic acids part with their oxy« 
gen so readily as this. 

Illiis, If mui'iatic acid be distilled with chromic acid, the 
former absorbs oxygen from the latter and is converted into 
chlorine, while the latter, in consequence of the loss of oxy- 
gen is converted into an oxide of chrome. 

385. The salts formed by the combination of this 
acid with the different bases, are called chromatea. 

386. Molybdic add. When the metal called Molyb* 
denum is heated in the open air, it con^bines with a large 
quantity of oxygen, takes the volatile form and crystd- 
lizes in small needle shaped white crystals. This com- 
pound of the metal and oxygen possesses acid pi^perties. 
It is composed of molybdenum 74. 5 and oxygen 25.5 to 
the 100. 

387- Molyhdous acid is formed, when two parts of 
the raolybdic acid and one of the metal are saturated 
together in boiling water, then filtered, and the solution 
evaporated in a slow heat. This acid is in the form of a 
fine blue powder. 

Obs, Boih of these acids combine with salifiable bases and 
form salts. 

388. Fluoric acid. This acid is obtained from a min- 
eral called Derbyshire spar, Jluor spar^ or more prop- 
erly J2uafe of lime. In this substance the fluoric acid is 
combined with lime, and from whence it may be set free 
by the intervention of a stronger acid. 

Exp. Into a retort of lead, 
see ng. 31, put some pure 
white fluor spar in fine pow« 
der, and mix it with twice 
its weight of snlpburic add. 
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Ltit« tlM retort to « VMeiTer of the tnne metnl with clay ; 
then surround the receiver with a mixture of Bait and snoir 
or ice, and apply a moderate heat to the retort, taking caa^ 
not to melt it. » The fluoric acid will be extricated and pass 
into the receiver, where it is condensed bj the cold into the 
liquid form. 

Ohs, The liquid obtained by the abore process is called 
hydrofluoric acid, becatise it is mixed with water. The wa- 
ter is expelled fVom the sulphuric acid by the heat. 

389. This acid has the curious property of corroding 
' glass, in consequence of its strong affinity for the silez 
which it contains. It therefore cannot be prepared or 
kept in glass vessels. 

lllvs. If a di op of it be placed on a piece of ^lass it quick- 
ly destroys its polish, and if permitted to remam on it, will 
eat ii^to It to a considerable depth. 

890. This acid acts with great energy on the animal 
ibre. If a drop of it strikes the band, it raises a pain- 
lul, and sometimes occasions deep and dangerous ulcers. 
It is extremely volatile and emits dense white vapors, 
which the experimenter must be careful not breathe. 

391 The fluoric acid is used for the purpose of etch* 
ing on glass. 

J[ilu8» The method of etching designs on glass is as follows. 
First cover a plate of glass of the size required with bees- 
wax or engravers' varnish. The bees-wax must be spread 
over the surjEace as thin as possible. For this purpose heat 
the glass over a lamp, and at the same time rah the wax 
over its surface ; then hold the glass in such a position that 
the wax will run off. If it is not too hot, enou^ will remain 
on to cover the surface. . Next draw the design by cutting 
the wax with a sharp instrument quite dawn to the glass, so 
that every line shall leave the surface naked. A laige nee- 
dle or sharp jpoiated pen-knife does well for this purpose. 
The etching is done b^ placing the plate is a horizontal po- 
sition and pouring on the liijuid fluoric acid* 'Where this 
cannot be obtain^, the etching may be done with the acid 
in the state of gas. This requires only very simple appara- 
tus. Take a common tin cup, large enough to mcluae the 
piece of etching within the circle of its rim. On its bottom 
'""ce a spoonful of powdered fiuor spar, and then poor on 
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Btnmg^ snlpfauric aeid enough to make it into a paste. Next 

Sice the glass plate on the cup as a cover, with the etching 
wnwardfl, and set the cup into a dish of hot water, or hold 
at over the flame of a lamp, taking care not to meh the vasdr 
The fluoric acid in the state of g^as will act upon the glass 
where it is not protected by the wax. In ten or fifteen min- 
iites the heatine will be done, when the t^x must he rubbei 
off by etchii^ tbe glas6» In t^s way figttresof any kioud, A 
flowers, faces, names, &c. may be permanently and beauti* 
folly done on glass* 

None of tbe salts, called ^t^a^ef are particular]^ interestini^ 
except the fluate of lime, from whence the acid is obtained.* 

VEGIGTABLE AClt)S. 

Only the tMst important of these tuid$ mil be destribed, 

392. Acetic acid. Distilled vinegar. The common 
vinegar is acetic alsid mixed with a great proportion of ' 
water, 'and is called acetous acid. Vinegar differs from 
acetic acid only as it contains more water, a colooring . 
matter, and other impurities, consequently it is the same 
acid in a state of dilution, so that properly there Is no 
such acid as the acetous. 

393. Vinegar is made by exposing to the action of * 
the air, either cider, wine, beer, or any other liquid cdt- 
pable of undergoing the acetious fermentation. In all 
cases it mu^t be exposed to the air, and warmed to a 
certain degree. In summer, the warmth is sufficient in a 
southern exposure. 

• Obt. In this process little or no gas is evolved, as in the 
yinoas fermentation.^ but on the contrary, the oxyg^en of the 
atmosphere is absorbed ; hence cider and wine run into vine- 
gar, or become acidified by the actual absorption of oxygen, 
and on the same principle that acids are formed by combus- 
tion, only that light and heat in the latter case are not emit* 
ted. 

394. Vinegar is also obtained by the distillation of • 
wood. 

IlJus, The wood, first dried, is introduced into cast iron 
cylinders or retorts, .which .are expoited to a red heat^f An 
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immense quantity of imflammable gas is produced ; and a li- 
quid is condensed in the receiver, which consists of acetous 
acidjiholding ia solution a (juantity of tar and essential oil. 

** These impurities by a certain process are entirely removed, 
so tifat the acid is ^colourless, and may be used &r the com- 

' mon purposes of vinegar. 

* • 395. Vinegar may be purified by' distillation^ but it 
always contains a quantity of extractive ibatter, even 

> after several distillations. 

396. Pure acetic acid cannot be obtained by the dis- 
tillation of the acetous acid, because the specific gravity 
of tbe real acid and water are so nearly alike that the 
. water will rise along with the acid. But by presenting 
to Ihe acetous acid some metal or alkali, for which it has 
' ai^ affinity, there will be formed a salt called an acetate, 
and from which the acetic acid may be expelled in its 
..' concentrated state« 

* Jlbis. Acetous acid combines with potash forming sin ace- 
^, iatf*Of potash. When this salt is distilled with half its 
w^'^h^ of sulphuric acid, it is decomposed, a sulphate of pot- 
. asn IS /ormed, and the vegetable acid is expelled in a very 
concentrated form, but mixed with a portion of the sulphur- 
ic ac^d« By digestion with manganese and a subsequent dis- 
« dilation, the acetic acid is obtained in a state of purity. 
t < 397* The acetate of copper, otherwise called crystal- 

* Hzed verdigris also affords this acid by distillation. 

&p. Into a retort put some crystallized acetate of copper, 
and apply the heat of a sand bath. Acetic acid will Ci>me 
over tinged with green. By a second distillation it is obtain- 
..ed piare. Its specific gravity is from lc56 to 1080. 

O61.. Tbe acetic acid may be still further purified, by mix- 
ing with it some caustic soliid potash and then distilling again; 
* w^n this is done a fluid is obtained which possesses some 
peculiar properties. It is colourless and as light as alcohol. 
It evaporates rapidly when exposed to the open air. It does 
* ' not cedden vegetable blues, and excepting that it mixes with 
'water in any proportion, it has all the qualites of ether. Its 
smell is extremely pungent and it raises a blister when ap- 

* p^i^ to the skin. 



398. Oxalic acidf or acid of sorrel. This is obtain* . 
ed by evaporating the fresh joice of sorrel to the consis- 
tence of honey^ then putting it into a glass vessel ind' 
covering the surface with olive oil. After some weeks 
the sides of the vessel are covered with a crust which is 
the saU of sorrel 

Ob8. The more common mode of preparing this acid is to 
acidify sugar with nitric acid. 

Exp, To six ounces of nitric acid contained in ajB^lass yes- 
tel, add by degress one ounce of lump sugar. Nitrous gas 
wiU be disengaged in great abundance occasioning^ a violent 
effervescence. When s^ll the sugar has been added evapo- 
rate 'a part of the acid and set the remaiqing liquor in a 
cool place to crystallize. Take these crystals anof dissolve" 
them in pure water, evaporate the water, and crystallize 
them a second time. Pure oxalic acid is then obtained in the 
form of small glistening^ needles. 

399* This acid has a sour taste and acts powerfully 
on vegetable colours. 

400. It is used to take out ink spots. It is also Oms 
of the best tests of the presence of lime. 

Exp, Disserve some oxalic arid in pure water and let fall 
a few drops of it into well water, ir the snaallest nnantitv . 
of lime be present there will be formed a white cloud, whicn 
being an insoluble oxalate of lime will afterward fall to the 
bottom of the vessel. 

401. This acid forms with the different bases a set of 
salts called oxalates. 

402. Tartaric add. This acid is obtained from the 
Sapertartrate of potash (cooimon cream of tartar^) 
Cream of tartar is the lees of wine purified. 

403. The casks in which some kinds of wine>are kepi 
become encrusted with a hard substance, tinged with t|e 
colouring matter of the wine, and is otherwise impui%. 
This substance is known in commerce by the name'of , 
argoit When this is purified by solution, filtration, and 
cryttailieation, it is called creamy or crystals of ta rtaA 
From their substance the tartaric acid is procured .b/tMK-* 
following process. 
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Exp. Let IQO parts of finely powdered cream of tartar, be 
intimately mixed with about 30 parts of pulverized chalk. 
This is best do^e by grinding them in a mortar and passing 
the mixture through a siere.. Let the mixture be thrown by 
spoonfuUs into eight or ten parts of boiling water; waiting 
for the cessation of the violent eifervescence, which is pro- 
duced by each addition, before apy more is thrown in. If 
. it should appear that the acid is not fully neutralized bjf the 
, above quantity of chalk, but that the solution reddens litmus 
^ paper, more chalk must be added until the paper is not chan- 
-<. ged by it. 

By the above operation, the tartaric acid combines with 
the lime, and an insoluble tartrate of lime is found at the bot- 
tom of the vessel. Decant the liquor into another vessel, and 
/I having collected the tartrate of lime, wash it three or four 
, • times with cold water. Then to the tartrate of lime thrown 
,* into a convenient quantity of water, add strong sulphuric 
acid, equal in weight to that of the chalk employed. The 
sulphuric acid combines with the lime and forms a sulphate, 
which is insoluble in the water, it therefore falls to the bot- 
toih of the vessel in the form of a white powder. Let the 
acid and precipitate remain together twenty-four hours, fre- 
quently stirring them, then let the precipitate subside and 

• decant the clear liquor, which will contain the tartaric acid 
in solution, together with some sulphuric acid and a small 
quantity of sulphate of lime. This is to be evaporated by a 

* gentle heat, now and then decanting it from one vessel to 
another to get rid of the sulphate of lime which falls down. 
Finally, after the solution is evap-orated to rather more than 
'a foufith of the original quantity, set it away to crystallize. 
The crystals will be brown and must be purified by again dis- 
solving them in water, evaporating and crystallizing, and this 
must be repeated until the crystals are pure, white tartaric 
add. 

404. In the manufactories of this article, some addi- 
tional processes are used by which a larg^ r quantity of 
the*acid is obtained from the same quantity of materials, 
than can be obtained by the above process. 

495. This acicLand the carbonate of soda foini the 
jtpda powders^ of which great quantities are prepared 
, , .'flRtT^^Id during the hot season. 
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Obs, The acid is pulverized and put into a paper by itself. 
Another paper contains the soda also in fine powder and dri- 
ed, so as to deprive it of the water of crystallization. By 
trial it is ascertained, what quantity of tha^ soda is required 
to satui-ate a given number of grains of the acid, and the 
powders are proportioned accordingly. To prepare soda 
waters from these powders, the acid is dissolved in a tumbler 
of cold water, mixed with a little syrup or not, as suits the 
taste ; the soda is then thrown in and the water is drank 
during the effervescence 

The effervescence is occasioned by the escape of the car- 
bonic acid of the carbonate of soda ; this being set -at liberty 
in coDsequence of ti)e union between the soda and the tarta- 
ric acid. 

406. Gallic acid. This acid is found in abundance . 
in nut-galls, and in less quantities in many other substan- 
ces. It may be procured by several different processes. 
Exp. 1. Put some pounded nut-galls intu a retort and ap 
ply the heat of a- sand bath or lamp. The gallic acid wiU 
rise and be condensed in the neck of the retort in a solid 
form. 

2. Boil an ounce of powdered g^lls in sixteen ounces of 
water, down to eight, and sti'ain the decoction. Precipitate 
also two ounces of alum dissolved in water with a sufficient 
quantity of carbonate of potash, and after having washed 
the precipitate well, add it to the decoction of galls and di- 
gest the mixture 24 hours, shaking it frequently. The alu- 
mine of the alum combines with and carries down both the 
tan and extract ; and the filtered solution yields, by gentle 
eva})oration. crystals of gallic acid. 

407* This acid precipitates most of the metals from 
their solutions. The precipitates from solutions of gold, 
silver, and copper, are brown ; from lead, white ; from 
mercury, orange ; bismuth, yellow ; and from iron, deep 
black. 

408. Gallic acid is of great importance, as it forms 
the base ot ink, and is one of the principal ingredients 
in tliose dyes, which colour black or any of its shades. 

Obt. It instpntly strikes a black with solutions of iron. 
Hence a decectiou of nut galls is used as a test for iron. 



\ 
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409* Ink is made by adding sulphate of iron to a de- 
coction of galis. Hence ink is in part composed of 
galiate of iron. In addition to these ingredients it con- 
tains gum, which 'IS added to hold the g^late in suspen- 
^^ aion and prevent it settling to the bottom, which would 
be the case was the solution made in pure water. 

Qbt, The folluwiDg is said to be the best method of majcipg 
ink. 

Take eight ounces of Aleppo galls Tin coarse powder ;} 
four ounces of logwood (ii| thin chips ;) four ounces of sul- 
phate of iron; one ounce of sulphate of copper, (blue yit- 
riol;) three^ounces of gum-arabio (in powder;) and one 
oiihce of sugar candy. Boil the galls and logwood together 
iu twelve pounds of water for one hour, or until half the li- 
<}uid has evaporated. Strain the decoction through a cloth 
and then add the other ingredients. Stir the mixture till the 
whole ts dissolved, and leave it 24 hours to subside. Then 
decant the ink and preserve it in glass or stone ware bottles 
well corked. 

410. Citric acid, otherwise called «a?< of lemons is 
found in the juice of limes and lemons, along with a 
quantity of extractive matter and mucilage, and with 
variable proportions of malic, and sometimes acetic acid. 
It is obtained in a separate and pure state, by first satu- 
rating the expressed juice with chalk, by which a citrate 
of lime is formed, and afterwards by decomposing this 
salt by means of sulphuric acid. 

Illtuf* To the expressed juice of lemons or limes, add very 
gradually, finely powdered carbonate of lime, or what is sold 
under the name of whitings and stir the mixture after each 
addition. An effervescence will ensue ; and as long as this 
arises, fresh portions of the chalk must be added. When 
the effervescence ceases ahd the liquor has lost its sour 
taste, allow the mixture to settle ; decant it into another 
vessel, and add a quantity of water. L<et the powder again 
subside, and decant again, and do this as long as the water 
cornea off turKid. The insoluble precipitate* is the lime uni- 
ted toUhe** citric acid. The object now is to separate the 
lime, and obtain the acid in its pure state. For this purpose, 
'^^r upon tbe citrate of lime a quantity of sulphuric acid, 
^l in weight to the chalk employed, having first diluted 



ACIDS. 165 

with ten parts of wat^r, and proceed exactly as has already 
t>eeo described for obtaining' tartaric acid. 

411. Pure citric acid forms bcAutiful transparent crys* 
talsy which are very solable in water ^ an ounce of the 
fluid disserves more than an equal weight of the salt* 

412. This acid dissolved in water, is used as a cool-' 
log beverage in fevers. When drank m large quantity, 
it is said to be an antidote against the effects of opium, 
i¥faen taken in an over dose. With the bases it forms 
salts called citrates. 

413. M(dic acid. This gives the sour taste to fruits as 
apples, gooseberries, &c. From these and other sour 
fruits it may be obtained, by a process similar to those 
described for obtaining the tartaric and citric acids. 

This acid combines with some of the bases and forms 
malates. No use hasrjjeen made of these salts. 

414. Fyroligneous acid or acid of burnt wood, is ob- 
tained by the destructive distillation of wood in iron i^ 
€orts. J 

Illus, When ibis acid is manufactured in laree quantities, a 
furnace is constructed of brick, through which pass cast iron 
cylinders, of a capacity to hold several hundred pounds of 
•wood. The ends of the cyhoders project a few inches through 
the brick work on each side of the furnace. Both ends of 
the cylinders are furnished with cast iron discs or covers, 
nicely fitted. From one of the discs therfe' proceeds an iron 
tube, which passes through a vessel of cold water to condense 
the acid. The other end is called the mouth of. the retort. 
Here the wood is put in. Tlie hard woo^ as oak, birch, 
beech, &c. alone are use^. Pine does x^t answer. When 
the retort is HUed, the disc is put in its place, and made air- 
tight by luting^. A fire is then kindled in the furnace and 
kept up during the day. At night it is suffered to %o out, 
and in the morning the charcoal is removed, and a new 
chargv) of wood intr^uced. The acid is received into prop- 
er vessels for use. It is of a deep brown colour, and much 
contaminated with tar, charcoal, &c. 

415. Pyroligneous acid has lately been discovered to 
possess the property of preventing the decomposition of 

15. 
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animal substances '^It is sufficient," it is said, ^^to 
plunge meat for a (ew moments into this acid, to pre- 
serve it as long as you please." 

Obs* The following facts on this subject, are contained in 
the 5th number of £e Edinburgh Philosophical Journal. 

If fish be simply dipped in re-distilled pyroligneous acid, 
of the specific gravity of 1.012. and dried in the shade, they 
preserve perfectly well. A Dumber of haddocks were clean- 
ed, split and slightly sprinkled with salt for six hours. After 
being drained they were dipped in the acid for about three 
seconds, and hung up in toe shade for six days. On being 
broiled, the fish were of an uncommonly fine flavour and 
perfectly white. 

Obs. 2. The following facts on the same subject, are from 
the London Medical Intelligencer. The writer is Dr. Stan- 
ley. Having, he says, made several "experimeots on the 
above named acid, the results of which were favourable, on 
the 6th of October, 1819, I prepared two pieces of fresh meat 
(beef) with the purified acid, applying it lightly over their 
surfaces, by means of a small brush. After hanging up in 
my kitchen till the 12th of November following, I gave one 
of the specimens to the captain of a vessel ^und for the 
West Indies, wits^ directions to observe and note any change 
that might take pl^e during tlie voyage, and to bring it 
back to me on the ,*CTt»n of the uhip to port. In the month 
of October, IS^, n|^^5tcired to me the specimen. He had 
examined it severad^nifen the voyage out and during his 
stay of some months 'AfSme island of Tobago, as did' several 
gentlemen resident thelfe, but no perceptible change could be 
detected. On comparing it with the specimen kept at home 
I could observe no sensible difierence in their appearance. 
On the 21st of Decehiber following, I caused both to be 
thoroughly broiled, and when served up, they were declar- 
ed by several gentlemen who tasted them with me, to be 
perfectly fresh and sweet, and with the addition of salt and 
vegetables, a palatable and wholesome dish. 

41 6. It is well knoivn that flesh and fish can be pre- 
served by smoking, Xvhen very little salt is used. Hams, 
tongues, herrings, &;c. are kept in this way. The above 
facts account for this circumstance. The smoke is in 
Dart composed of pyroligneous acid. It is this then 
*ch preserves smoked meats from putrefaction. 
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417* The presence of an acid in smoke also accounts 
for its being so offensive to the eyes. 

418. It was long thought that the pyro|igneou8 was a 
peculiar acid, but kitter experiments have shown that it 
is nothing more than the acetic dcid, containing impuri- . 
ties. If this acid be several times rectified by distillation, 
there rises at last, strong and colourless acetic acid fit for 
culinary purposes. In some parts of Scotland, wood vin* 
egar is manufactured in large quantities, by the same 
process which has been described for obtaining pyrolig- 
neous acid, only that in addition to that process, the acid 
is purified by re-distillation. Thus the impure acid of 
wood is called pyroligneous, but when purified it be^ 
comes wood vinegar or acetic acid. 

Obt. After the acid is purified by being once distilled, it is 
in a proper state for preservini; meat ; but when it is perfect- 
ly pure, and in the form of acetic acid, it still has more or 
less the same property. 

ANIMAL ACIDS. 

Phogphoric add. See phosphorus. 

419* Lactic acid. This acid forms a component 
part of sour milk. No use is made of it in the arts or 
otherwise. >. 

420. FoKMic ACID, or the acid of arUSy is procured by 
the distillation of that tnsect. 

lUug, A quantity of red ants are put into three times their 
weight of water and distilled. The product is saturated widi 
carbonate of potash, which forms a jormate of potash. The 
formic acid is procured by decomposing this salt by means 
of snlphuric acid. This acid possesses some peculiar prop- 
erties which distinguishes it from all others. It is of no use. 

421. Pru88ic,acidy called also hydrocyanic acid^ is 
considered as an animal product, though it is also contain- 
ed in some species of plants. It is chiefly obtained from 
Prussian blue ; but a plant called lauro cerasii«,and sev- 
eral kinds of nuts, or kernels also yield it by distillation ; 
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among these are the kernels of bitter almonds, and tiiose 
€»f the peach, wild cherry^ and several others. 

06r. Prussian blue it made by calcioing blood or other 
animal matter, with carbonate of potash, to which are after- 
wards added solution^ of alum and copperas. This addition 
occasions a precipitate, which is at first green, but becomes 
of a beautiful blue, on the addition of muriatic acid. This 
precipitate being washed and dried, is the common prussiaa 
blue* Its composition 'a prussiate of iron mixed with the 
earth alumine. 

422, Brussiale of iron is decomposed by red oxide of 
nercnry and a prussiate of mercury is formed* This 
latter salt is decomposed by iron and sulphuric acid, and 
the prussic acid is set free. These are the principles on 
which the prussic acid is obtained. 

IUu8, Mix together iu a conirenient ress^, 4 ounces (^fine- 
ly powdered prussian blue, 2^ ounces of red oxide of mercuiy 
(red precipitate,) and 12 ounces of water. Boil the mixture 
for half an hour. The blue colour will disappear, and the so- 
lution will become yellowish green. Filter the solutioo and 
wash the residum by pouring on boiling water enough to 
make up the loss by evaporation ; let this also pass through 
the filter. Put the solution which is a prussiate of *mercury 
into a retort, containing two ounces of clean iron filings. 
Connect the retoft with a receiver, and place them on the 
lamp furnace, as in fig. 32, t^ing care 
that the juncture is made air tight, whicb 
may be ^ne by winding a wet rag round 
the neck of the retort. Next pour into 
I the retort one ounce of sulphuric acid di- 
luted with three or four parts of water, 
and stop its tubnlane by passing ia a strait 
glass tube, which has already been pre- 
I pared by being passed through a cork, or 
wound with a piece of wet rag. The 
lamp is now to be lighted, and the distilla- 
[ tion carried on with a slow heat until 
three ounces of prussic acid^ire obtained. 

y^ V^ Caution. As the fumes are 'poisonous 

^^...^^ when breadied, it is proper to set the ap- 
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Aaratus in a ^re pkce, so that 11. any escape they may go up 
Uie chimney. 

The receiver must be kept cold, and protected from the 
light by surrounding it with a wet cloth. 

As this acid is decomposed by light and warmth, it must be 
kept in a cool and dark place. Even these precautions do not 
prevent its decomposition for more than two oritbree months. 

Obs, The young pupil may not understand every part of the 
above process without some explanation. 

In the Prussian blue, the prussic acid exists in combination 
with iron. The red oxide of mercury having a stronger af- 
finity for the acid than the iron has, the prussian 4>lue^ is de- 
oomposed, and a pnusiate of mercury is formed which is solu- 
ble in water. On the addition oi the iron filings and sulphur- 
ic acid to this solution, the iron absorbs the oxygen from the 
mercury, which is then precipitated in its metallic state ; 
and at the same instant that the iron is oxidized, it is dissolved 
by the sulphuric acid. Thus then the prussic acid is set free, 
because it does not unite with metals, but only with their ox- 
ides, and as the iron deprives the prussiate of mercury of its 
oxvgen, the prussic acid remains detached in the solution of 
tulphateofiron. Now the prussic acid being volatile, while 
the sulphate of iron is not, it is easy to obtain it by distillation. ' 

423. Prussic acid is a colourless fluid, like water. It 
has a stronjv smell resembling peach blossoms, or bitter 
almonds ; this is so strong as sometimes to excite cough- 
ing. Some persons feel a slight stricture across the chest, 
or pain in the head on breathing it. Animals placed in 
its vap9ur, die in a few minutes. When given in large 
quantities it produces death in two or three minutes. It 
is indeed the most prompt and active of all poisons. It 
soon loses these properties on being exposed to the open 
air, the light also decomposes it in-a short time. 

Caution. The pupil, on account of the complicated pro- 
cess, and the poisonous qualities of this acid, had better not 
attempt to make it, uotii he has considerable knowledge of 
practical chemistry. 

Obs. This acid is used in doses of a few drops as a medi- 
cine, in dii^cases of tho lungs, indigestion, &c. 

424. Sehamc addj may be obtained from various spe- 
cies of animal fat. 

15* 
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Ilhu, TV) bog's lard, melted in an iron kettie add polt^eii- 
zed quicklime, and stir the mixture for a few minutes, rais* 
ing the heat towards the end of the process. When the lard 
18 cold, pour on it a large quantity of water ; boi! them to- 
gether and filter the liquor. A brown acid salt will separate 
on cooling', coiisisting of lime united with the sebacic acid. 
The ac^ is |jbtained in a separate state hj mixing this salt 
with a sulphuric acid in a retort and distiUmg. The acid io 
question rises \o the form of a white liquid, wbidf has a pene* 
trating smell, and i-eddens vegetable blues. 

QUESTIONS ON THE ACIDS. 

.t)efine what is meant by the term acid. 
Wiih what substances do the acids combine inform salts ? 
Are all the cudda sour ? 
How are the (uids formed? 
What substances are called acidzfIable bases ? 
Wha^ is said of the combination of b^s£s with several do- 
ses of OXYGEN ? 

What Acioa are formed by the union of sulphub with ox-^ 
ygen ? 

From what are the peculiab pboperties of the acids and 
their names derived ? 

How do you know by the name of an acid, what proper- 
tioi^ of OXYGEN k contains I 

Whjen a base has combined with its fuci. pbopo&tion of 
o:m;en,iiQW does the NAMEof theacBl end i 

^ How does the name of the acid end when the base has com-* 
bined with onlj^ one proportion of oxygen? 

MentioV an instance where a base forms an oxide with the 
first proportion of oxygen and an acid with the second. 

h every acid capable of wuting' with each of the alkcUie»y 
earths, and metalRc oxides ? 

HoM many distinct ingredients does a salt contain? 

What would be the name of a salt composed of stilphniric 
acid Bnd potash? 

Do Vie acids ending in ous and (hose ending in ic form simi- 
lar salts with the same base ? 

How do the names of the salts end, which are formed with an 
aiddendinginmis> 

How do they end when formed c^an add ending in ic ? 



When the acid predominates in the composition of a sajlt, 
how is this denoted ? 

When the base predominates, how is it known ? 

What is the composition of nitratb of potash ? 

What would be the name of a salt composed of mttriatic 
ACTD and ammonia ? 

Into how many classes do the acids admit oH beingr divi- 
ded? 

What is the AciniPYma principle among^ all the aciids f 

MINERAL ACIDS. 

SULPHURIC ,ACID, How is. sulphuric acid formed ? 

What add vt formed when sulphur is burned in common air ? 

TThai acid isjormedwhen it ts turned in oxygen gas ? 

What h the eauee qfthie difference ? 

What ie the mode o^mam^aeturing this add ? 

How are the sulphates formed > 

By what doss of substances is sulphuric acid decomposed ? 

J&w does eharcoai decompose this acid? 

What is the composition of this add in its dry state 7 

SULPHUROUS ACID. What w the form under wfiieh 
tkisgcu exists ? 

How is ihM add produced? 

What are the properties of this gas ? 

How 18 its BLE AcHino property shown ? 

What is said of its action on metallic oxides ? 

How is this propeHyr of rsmdng metaUie oxides explained ? 

NITRIC ACIlA From what substance, and by what pro- 
cess is NITRIC ACID obtained ? 

What is the form ofpwre mtrie add 7 

What is said of the effect of h'ght on adds 7 

How does this add act on combustibles S • 

Explain the reason why U wUl inflame charcoal and cU of 
XnvDenlmt, when other cijkds do inot. 

what is AQUA FORTTS ? 

W)^t are the salt^ called which this acid forms with the 
bases ? 

NITROUS ACID. How is nitrous acid procured ? 

In what form does it exist ? 

How do you distmgfiMsh nitric, and nitrous acids from 
each other ? 

CARBONIC ACID. What is the form of the carso^tc 
acid? 

How may this add be prepared by cvmbustion } 
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What is the taste of this acid ? 

What other proof is there, that this gas is composed of car- 
BOH and oxTGsn, oesides the UDion of these substances by 
comlmstion ? 

MURIATIC ACID. From what substance, and by what 
process is this actd obtained ? 

Explain the uses of tke aeneral parti of ike apparains^ 

What are iAie properties of 1.1 qjjXD muriatic acid? 

What are the namet of the salts formed by this add 7 

BORACIC ACID. From whai eybstance U tke acid obtain' 
ed? 

What i» the proeeee ? 

What peculiar effect doee thu aeid have onfiame ? 

What are the ndmes of the ealtaeompoundedqfthie add ? 

PHOSPHORIC ACID. How is phosphoric add procured? 

Eacplain the rationale of its production ? 

WhaJt are the properHes of this add ? 

What are the salts formed with this acid called P 

What is said of natural phosphates ? 

Do plants contain this acid ? What^oti^e^tienees are said, 
sometimes to happen from its existence in charcoal ? 

PHOSPHORUS ACID. H(yw U this add produced ? 

What is the rationale of its formation ? 

ARSENOUS ACip. What is arsenous acid ? 

What is the roRy smd taste of this acid ? 

Hot0 M Hds add produced^ and/rom tchence is U brought ? 

What are the salts called of which the acid forms a part * 

ARSENIC ACID. How is arsenic acid formed ? What 
is said of its poisonous qualities ? ' 

What are its salts called > 

ANTIMONIOUS and ANTIMONIC ACIDS. Givesome 
aceotmt of these adds, 

CHROMIC ACID. What is the form and colour of 
chromic acid ? 

How is thii acid obtained? 

What are the salts formed with this acid called ? 

MOLYBDIC and MOJLYBDOUS ACIDS. What arethe 
loses of these adds ? 

FLUORIC ACID. What is the nii^tone^ from which this 
ACID is obtained ? 

Describe the process fw obtaining it ? 

What SINGULAR, and curious property has thb acid ? 

For what purpose is the fluoric acid used ? 
Ascribe iht method of etching on glass. 



ACETIC ACID. What is acetic acib? 

How does thi» acid differ from vinbg ar ? 

How is y iNEOAB made ? 

Why does cider, or wine become acid by ezpos«ve to the 

JR? 

What is said of wood Tmeffar f 

How may PURE acetic acid be obtaioed? 

WTiat are thejnvperties ^purt aeeUc <md ? 

OXALIC ACID. HowUthitaddobUMined? 

What is the process of obtaining this acid from migarky 
means ofnitrie add ? 

What is the ttsk of acbtic acid ? 

Whai are the names of the mdU^farmedi^thiMaad? 

TARTARIC ACID. Gvre some aeooqat of tartaric 
acid. 

From what substance, and how, is this acid obtained P Des- 
cribe the PROCESS and point out the c«emicax« csanoss 
which take place in iti progress. 

To what uss is this acid applied ? 

What is the ooraposition or the soda powDiau ? 

What occasions the ErFERysscjBiics when these petTDiSS 
are thrown into water ? 

GALLIC ACID. WhatsybetanseconkdnithiMaeidinihe 
ffreeUest abundance ? 

What is said of the property of this acid to »rbcifatatx 
the METALS from their solutions f 

How is irk made ? 

CITRIC ACID. What are the fruits which contain the 
CITRIC ACID in the greatest abundance ? 

How it this dtid Mained ? 

What is thefom ofihiM atid? 

What are its uses P 

MALIC ACID. What is said of this add? 

PyroHfneotu Acid, From what is this acid obtained ? 

What u the process of manufaduring it? 

What are the peculiar and useful properties of this acid? 

What is the difference between the ptrolioeneous and 
ACETIC acids ? 

What is said of its powers of preserviivo meat ? 

PRUSSIC ACID. Is this an animal, or vegetable acid ? 

Describe the process qfpreparing it ? 

Point out the chemical changes which take place during 
theprocess. 

Jvhatis Vie colour, and whai are the quaUHei ofthia add? 
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What are the uses of rhe prussic acid ? 
SEB ACIC ACID. What are the substances from which 
the 8BBACIC ACID are obtained ? 



OF THE SALTS. 

425. The compound resulting from the union of an 
acid with an alkali, an earth, or a metallic oxide, is called 
a salt. 

426. Th^ substance which combines with the acid to 
form a salt, is called the base. Thus soda is the base of 
muriate of soda. 

427* When the base has combined with such a quan- 
tity of an acid as completely to destroy the peculiar pro- 
perties of both the acid and the base, the acid is said to 
be saturated ai^d both acid and base are said to be nev- 
tralized. Such compounds are called neutral salts. 
Glauber's, and Epsom salts are of this kind. 

428. When a salt contains more acid than the base 
saturates, or when the acid predominates the latin pre- 
position super f is prefixed to its name, as supertartrate 
of potash. Such salts are often sour to the taste. 

429. When the salt contains more of th^ base than is 
saturated by the acid, or when the base predominates, 
this circumstance is denoted by the preposition sub^ as 
suhcarbonate of potash. 

430. Most of the salts are soluble in water, though 
some are insoluble. While they are dissolving they ab- 
sorb heat, and consequently produce cold. This pheno- 
menon is explained by Dr. Black's law, — see Caloric. 

431. ' When water is saturated with one salt, it is not 
thereby prevented from taking up another. Thus a giv- 
en quantity of water will dissolve a certain portion of 
carbonate of lime and no more, but is still capable of dis- 
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solvii^ as much potash as though it held no lime in solu- 
tion, and after being saturated with potash will dissolve 
sugar, &;c. 

Remark 1. The explanation of the nomenclature belong- , 
ing to the salts has been given in the remarks on acids m 
general. 

2. Only the most important among the salts will be des- 
cribed. 

SULPHATES. 

432. The sulphates, when heated to redness with 
charcoal, form sulphurets. When tested with solution 
barytes, they furnish copious precipitates. 

433. Sulphate of soda, or Glauber's salt. This salt 
is chiefly prepared from that which remains in the retort 
after the distillation of muriatic acid. It will be remem- 
bered that muriatic acid is obtained by distilling a mix- 
ture of common salt and sulphuric acid. The latter acid 
combining with the soda of the salt, forms sulphate of so- 
da, while the muriatic acid is set free. This new salt 
being dissolved in water and saturated with carbonate of 
soda, in case the acid predominates, forms the common 
Glauber's salt. 

Obs, 1 . This salt forms regular transparent crjstaU of apris- 
matic figure, terminated by pyramids truncated near their 
bases. 

2. Its water of orystalization amounts to about half the 
weight of the salt. 

3. It is strictly a tieittral salt, as neither the alkali^ nor 
acid predominates. 

4. It is very soluble in water, three parts of which at 60 
degrees dissolves one of the salt. It is compoised of soda 46, 
and acid 54, to the 100. 

Its use as a medicine, is woll known. 

434. Sulpfuiie ofBaryteg. This salt is found nativej^ 
and is sometimes Called baro-selinitey or heavif spar. It 
can also be formed by mixing the earth bary tes with sul- 
phuric acid. In the native state it is a white, or yellow- 
ish stone of a crystalline appearance^ being composed of 
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lamaliar crystals, which whea broken present plane shir 
ntng faces. Ofie of its most remarkable properties is its 
great weight, being heavier, bulk for bulk, than any other 
earthy substance. 

435. Sulphate of barytes, when treated in a certain 
manner afibrds one of the solar ph^phori. 

Illw. The native suipbate being powdered and ignited, is 
sifted and mixed with mucilage of gam arabic Tbis is then 
divided into cylinders* of one fourth of an inch in thickness. 
These after being dried in a moderate heat, are to be exposed 
to heatof a wind farnace, placed in the midst of the charcoal. 
When the fuel is half consumed it must be replenished, and 
suffered to burn ojit. The cyhaders will be found retaining 
their original shapes among the ashes. Tl^ey must be pre- 
served in a well stopped vial. 

This phosphorus, after being exposed a few minutes to the 
snn^s rays, shines in the dark sufficiently to render visible the 
dial of a» watch. 

436. Sulphate of barytes, artificially formed, is com- 
posed of about 66 barytes and 34 acid to the 100. 

437. SulphMe oflAme is found native in great abon* 
dance, and is known under the names oi plaster of pam, 
gypsum, &c. It is chiefly employed as a manure. It is 
also used as a cement. 

Obs. It contains about Si per cent of water, which is easily 
evaporated when the salt is exposed to a low red heat. What 
remains jis an impalpable powder of a beautiful white. This 
powder IS composed of lime 58, aid acid 42 = 100. 

438. Sulphate of Magnesia^ or Epsom salt. This 
salt is obtained by the evaporation of the water of some 
springs which contain it in solution. It is also found in 
sea water, and is sometimes prepiured from what is called 
the bittern f which remains aAer the common salt is ex- 
tracted. It is easily cdmposed by mixing together its in- 
gredients, sulphuric acid dilated with water and magne- 
sia. 

Obs. Sulpliate of magnesia crystaiiEes in the fbrm of small 
quadrangular shining prisms. It undergoes no change when 
expooedio the air ; is very soluble ia water aiid undergoes a 
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watery fusion wheti exposed to beat. Its principle use is as a 
medicine. It is composed of water 50, acid 33. 5 and magnesia 
16.5 to the 100. 

499* SMi^^atB of Ahmidf^. CoiaiiKm alum. The 
alam of commerce is dug out of the earth, where it is 
foand in the native state, sometimes tolerably pure and 
in large iQasses, and sometimes diffused in beds of clay, 
or slate, or intermixed with various other substances. 

Obs. 1. When it is found ready formed in earths, or friable 
minerals, it is extracted by collecting the earth into proper 
vessek, and pouring on water, which passes through, dissolves 
tiie alum and holds in solution. The water is then evapora- 
ted until the salt crystalizes. 

2. When the mineral wliich furnishes this salt is an alu- 
minous clay mix«d with sulphur and iron, another method is 
taken. Here, although most of the ingredients which form 
alum are present, yet no salt is formed. To form the salt the 
clay coatamiBg[ the iron and sulphur is exposed to heat, or 
merely to the air until the sulphur becomes acidified or con* 
vterted iato sulphuric acid, this then unites to the alumine and 
forms a sulphate. If no )>otash be present in ^e earth, a 
qoaatity is added, as this is necessary to form alum. The 
clay is then treated by lixiviation and evaporation as above. 

3. The uses and common properties of alum are so well 
known as to need no description. 

440. A combination of alamine^ sulphur, and charcoal 
forms HifmheTg*9 ^rophoru8. 

Ilhts. To prepare this, powder an ounce or two of alum and 
mix with it an equal quantity of brown sugar. Put the mix- 
ture into a ladle, or earthen dish, and keep it stirring over a 
fire until all the water is driven off. Then pulverize it fine- 
#ly , and introduce it into a common vial coated with "a mixture 
of clay and sand. Lute to the mouth of the vial a lunall glass 
tube, or stem ctf a tobacco pipe, to allow the moisture and 
g^es to escape. The vial must th«n be set in a crucible sur- 
rounded by sand, and the whole set in a fire and gradually 
heated to redness. Water wfll soon issue from the end of the 
tube, and afterwards a gas, which on being lighted, burns 
with a blue flame. AAer the flame goes out, keep up the 
heat for about fifteen minutes, and then remove the crucible 
from the fire, and immediately stop the orifice of the tube 
with a piece of clay. Wlien the vial is cool enough to be 
16 
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handled, the pyrophoms must be hastily poured ioto warm 
aod perfectly dry vials and corked from the air. It will be 
in the form of a black powder. 

441. This powder is a curiosity, and sometimes a coq- 
venience. 

litiLs, Ifit is exposed to the air, it undergoes spontaneous 
ignition, giving out the smell of sulphur, and glowing with a 
red heat. If a small quantity be poured on a piece of paper 
it sets it on fire. If the vial is held a few feet from the ground 
and it is shaken out, a little at a time, it resembles a shower 
of fire. In oxygen gas it burns or explodes with violence, 
giving out intense heat and light, affording a beautiful ex- 
periirent. 

442. >=mall vials filled with it may be kept for years, 
provided care be taken to prevent access of* air. The 
most effectual method is to immerse their mouths under 
mercury. 

Obs, 1. This powder affords a convenient method of ob- 
taining fire for common purposes. 

' 2. in regard to the chemicftl changes which tHfe alum and 
sugar undergo to form this carious substance, ' Mr. Accum 
supposQB Ihat the red beat to which they are exposed, causes 
the sulphuric acid which the alum contains, and the charcoal 
to which the sugar is reduced, to react on each pther, by 
which, part of the charcoal is conveited into carbonic acid 
and is driven off in that form, at the same time the oxygen 
which the sulphuric acid imparts to thti carbon, converts a 
part of this into sulphurous acid, which also makes its escape; 
tlie blue fiame is probably caused by sulphurated hydrogen ; 
the hydrogen being formed by the absorption of the oxygen of 
the water, by the carbon of tlie sugar. The remainder of the 
sulphur unites to the potash of the alum and forms sul]:rfiuret 
of potash. Thus the powder consists of sulphuret of potash, 
alumine and carbon. When this is exposed to the air the sul- 
phuret absorbs the oxygen, not only from the air itself, but al- 
so from the water which it contains with such avidity, as to 
opcasion a degree of heat which sets fire to charcqal and sul- 
phur. 
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NITRATES. 

443. The nitrates by the action of fire, furnish oxy- 
gen gas. Most of them scintillate when tnrown on bur* 
ning charcoal, j 

06j. This last effect is in consequence of their increasing 
the combustion by imparting oxj^gen gas. Hence most of 
the nitrates are capablf ofnipportiug' combustion. 

444. Nitrate of Potash. Nitre. Saltpetre. This 
well known substance is found native in all countries, 
where circumstances are favorable to its production. It 
however seldom occurs in large masses, but is generally 
found either in the form of a whitish efflorescence on the 
soil, or in small masses, or incrustations in limestone cav- 
erns. Its particles are also diffused through particular 
kinds of soil, but never to any considerable depth. 

06y. 1. The mode of obtaining nitre is by liximatioTiy that is 
by passing water through, the earth which contains it. The ' 
water dissolves the nitre, which is then crystalized hy'jfh.- 
-poration. #^*^ 

ST. The calcareous caverns which abound in i^cimucky 
furnish large qnan tides of this ^salt. One of these situated in 
Marlison county, is upwards of 600 yards in length and about 
40 feet wide. It extends through a hill, and a^rds a passage 
for horses and waggons to bring out the earth to be lixiviated. 
One bushel of this earth yields from one, to two pounds of ni- 
tre. 

3. The earth taken from under old and, decayed buildings, 
which have been mhabited, always contains a quantity of this 
salt, and is sometimes lixiviated for this purpose. During 
our revolutionary strugfg'le, considerable quantities of nitre 
were manufactured in this wav. 

445. The formation of nitre depends on circumstances 
which are easily imitated by art. Hence a considerable 
proportion of what is used in the arts, is produced by 
what are called artificial nitre beds. These consist of 
certain materials thrown together in heaps, with atten- 
tion to the circumstances which are known to favour its 
production. 



Uku, These beds are made bjr doffing dry dkqhes, which 
are covered from the rain by sheds open at l>oth ec^ for ad* 
miUioif the air, which appears to Ve an iaipoftaAt part of the 
process. 

These ditches are filled with the earth from old and decay- 
ed building;s, as old mortar, dirt from cellars &c. Tue refuse 
of slaughter houses, as bits of skin, horns, ^c. are added, as 
also the soil from barn yards, &c. These substances beings 
mixed tog'ether in the heap, are now and then turned up with 
a spade to ei^pose all parts to the air. After a successton of 
several months, or less, f^ceordiog to the managemeBt of the 
operation, the nitre ipfn^s in the mas^ an4 is ^btaiued by lixi- 
yiation. 

Obs, in the above process the nitric acid appears to be 
fbraed b^ a eombination of the nitrogen, which forrns a part 
of all animal matters, and the o^^gen of the atmosphere. 
Heace the neeessity of a free circulation of air on the materi- 
als. The acid thus formed, suites to the potash of the vege- 
table materials which the heaps contain, and thus nitrate of 
potash is formed. 

445. This saU is composed of nearly equal propor- 
tions of the alkali and the acid. 

447. When submitted to a red heat, it is decomposed 
in consequence of the destruction of its acid. 

Illus, By distilling nitre in an iron retort or gun barrel, 
oxygen gas is obtained in abundance. It is not perfectly 
pure, but sufficiently so for ordinary experiments. 

448. This sah is rapidly decomposed by charcoal ^t 
a high temperature. It Is also decomposed l^y sulphur. 

lUus. Mix powdered nitre and sulphur, and throw the mix- 
ture, a little at a time into a red hot crucible. The sulphur 
will unite with the oxygen of the nitric acid, and form sul- 
phuric acid. The potash being thus left free, there is form- 
ed a union betw0^n this and me pew acid, and sulphate of 
potash remains in the crucible. 

449. Nitre is the base of gun powder^ fulminating 
powdery ^c. 

Illus. 1. A mixture of five parts powdered nitre, one part sul- 
phur, and one of powdered charcoal composes gunpowder. 
The materials are first finely powdered separately, then mix- 
ed together, and beaten with a wooden pestle, a quantity of 

'^er being added to prevent an explosion. The mixture is 
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afterwards ^anulated by passing it through sieves, and cau- 
tiously dried. 

2, Ftdminaiing powder is made by mixing three parts of 
powdered nitre, two of carbonate of potash, or common ^alts 
of tartar and one of sulphur. These ingredients must be care- 
fully mixed by grinding them together in a mortar. 

Vr hen a swSw quantity of this powder is gently heated 
nearly to redness on a shovel, or by other meana, it explodes 
with violence, giving a loud and stunning report. ^ Only 15, 
or 20 grains ought to be exploded at a timi^ within doors. 

450. Nitrate of ammonia. This salt is prepared by 
saturating dilute nitric acid with carbonate of ammonia. 

JEafp. j5ilutesome aqua-fortis with three, or four parts of 
water. Put this into a porcelain or earth^rn dish, and set it 
in a sand bath, or in hot ashes; then throw in pieces of car- 
bonate of ammonia until it ceases to effervesce. Continue 
the evaporation until about two thirds of the solution is ex- 
baustea, or until a drop readilv sltoots into crystals on being 
placed on a piece of glass. Then set tlie dish aside until the 
crystals are formed. 

Hemark. If the solution is evaporated slowly, and with a 
gentle heat, and the vessel iri whicl) it crvstalizes has a broad 
flat bottom, the crystals are very heautiful, long, shining, tri- 
ated, prisms. If tdesiolutionis exhausted nearly to the point 
of crystaUzation while it remains hot., and this is done with a 
higher heat) it either shoots into small fibrous crystals, or con- 
cretes into a shapeless mass. 

Obs. The most important property of this salt is its yielding, 
when deconiposed by heat, the nitrous oxide, 

MURIATES. 

451. The muriates have a saltish taste, more or lesg 
pure. They emit white fumes when mixed with sulphur- 
ic acid. With nitric acid they emit oxymuriatic acid gas. 
They are all soluble in water^ and difficultly decoaiposed 
by heat. 

452. Muriate of Soda. Common salt. Sea salt. 
Of all the saline satratances this is the most common and 
abundant in nature. It is frequently found in extensive 

16* 
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solid masses in the earth, or dissolved in springs and 
lakes far inland. The ocean, is however, the great depo- 
sitory of this salt, about a thirtieth of its weight being 
muriate of soda. 

IllvA. In Cheshire, England, there is a mine of this salt, 
whose beds are alternate witli those of clay. The &*st bed 
of salt commences about 90 feet below the surface, and va- 
nes from 60 to 90 feet'in thickness. Below this there is an- 
other bed whose thickness is not known, though it has already 
been penetrated /to a great depth. The salt fix)m this 
mine is carried to Liverpool where it is purified by scdution 
in sea water, and by subsequent crystillization. Many thou- 
sand tons are annually shipped from that place, and hence it 
has acquired the name of Lityeiiyool tali. 

453. In Spain are many salt springs ; atid in Catalo- 
nia there is a mountain of rock salt, whose height is esti- 
mated at 500 feet, and it is about three miles in circum- 
ference. 

454. Common salt is also found in great abundance 
in Poland, Germany, Russia, and most other countries. 
In France are found many salt springs, but no mines. 

455. In the desert of Lybia there is an immense plain 
cdvered with a crust of this salt. 

456. In America there has already been discovered 
many localities of common salt, either in a solid ^ate 
or dissolved in springs of water. 

457- In Peru are numerous salt mines situated at a 
great elevation above the sea. It has abo been found in 
Chili, Calafornia, St. Domingo, &c. 

458. In the United States, salt springs are numepus 
in several districts. These springs sometimes flow nat- 
urally, but are more frequently formed by sinking wells 
in those places where this salt is jknowii to epst. ]V}ost 
of these springs are west of the Allegany mountains \ 
but in the state of New- York, there are several in the vi- 
cinity of the Cayuga, and Onondaga lakes. 



Obg<. From nuny of these 8prin{;s salt is obtained by evap- 
orating the waters, either by ooiling or by exposure to the 
sun io shallow vats. 

Ulus, It is esti^iated that the whole quantity of salt exr 
tracted from saline springs in the United States, exceeds six 
hundred thousand bushels. Of this, the springs at Onondaga 
and Cayupra furnish about three hundred thousand bushels. 

459* Muriate of soda Is also extracted from sea w^- 
ter, by heat or exposure to the air and sun. During our 
revolution, consicferable quantities were prepared 1^ the 
former method in this country. 

Obs. 1. This salt crystallizes in regular cubes, it rc^quires 
for its s^ution, twice and a hsUf its weight of water at ' the 
temperature of 60®. ^ 

2. When heated gradually ^t ^^s and forms when cold 
a solid compact mass. When * ir^ixed with charcoal or sul- 
phur, and ignited in a crucible, it is not decomposed, h^or does 
it undeigo any change. 

3. )i is decomposed by sulphuric acid in consequence of 
the strong affinity of the latter for the .soda whicn it con- 
tains. 

4. It is on this principle that muriatic acid is obtained. 

5. Muriate of soda, is composed of acid' 4& and soda 54s: 
100. 

Jiuriale of Ammonia. See Ammonia. 

460. Muriate of Ume. To prepare this salt, saturate 
with pure white marble any quantity of muriatic acid, 
diluted with two or three parts of water. Then evapo- 
rate the solution and set it away to crystaliae. 

069* This salt absorbs water with such extreme avidity, at 
to effect its own solution in a short time when exposed to the 
air. t 

U it composed Qf nearly equal parts of acid and base, and 
25 per cent of water. 

QXTWUBUTES. 

Bemar1c> These salts have latelv been called Ch(or(U^ 
%nd Hyper Ojfr/muriatet- We sh^li call them Chlorates. 

46 i* The Uhlorates give out very pure oxygen gas 
when submitted to heati and turn to muriates. They 
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inflame some combustible substance spontmeouriyy and 
with violent detonations^ 

562. Chlorate of Potash. This salt is prepared by 
passing chlorine gas throujgh a solution of caustic potash. 
£u'p, I. Grind together in a roorlar four ounces of com- 
mon salt and one ounce and a half of black oxide of oiaa- 
gaaese, and put' the mixture into a stoppered retort. Con- 
nect with the retort a balloon, as in £g. 33. and from the bal- 
loon let a bent glass tube 
pass into a three neck- 
ed botde, filled with a 
strong solution of caus- 
tic potash, so as nearly 
to reach the bottom. 
After every thing is ar- 
ranged as m the figure, 
and the junctures are 
made tight, pour into 
the retort through tlie safety' tnbe two ounces of sulphuric 
acid, diluted with an en^ual quantity of water. Then apply 
to the retort the gentle' heat of a lamp. Or, 

Exp:^ Introduce into the retort fouir ounces of muriatic 
acid, and two dunces of finely powdered black oxide of man- 
ganese, arid proceed exactly as above. 

Ofe. The Chlorine gas which is formed by either of the 
above experiments passes into the solution, where it com- 
bines with the potash. When this is saturated, the gas will 
pass off at the bent tube. To obtain the salt evaporate the 
solution gently and on cooling it will deposit small shining 
crystals. These are chlorate of potash. The first product 
only must be reserved for use, as after this, the crystals are 
merely muriate of potash. 

CmUUm, Care must be taken not to let any of the ChJorine 
escape into the room. Violent coughing, atui even death has 
been produced by breathing this gas. ^ . " * 

263. When chlorate of potash is^'aiibmi^ted to distil- 
lation in a coated glass retort, it first fuses, and on a fur- 
ther increase of temperature yields oxygen gas of great 
purity. 

264. This salt alone has no power in discharging col- 
ours, but by the additioa of a lUUe sulphifcip acid, the 



chkyrine is set free, and vegetable colours are destroyed 
by it. 

465. When mixed or rubbed with inflammable substan* 
ce« it effects their combustion with more or less rapidity. 

JExp. L Rab two grains of chlorate of potash in a mortar, 
aod add one grain of sulphur. Mix them accurately by gen* 
- tie triture, and having collected the mix(ure to one part of 
the mortar, nress the pestle down upon it suddenly and forci- 
bly. A loua detooation will ensue. 

466. If the same mixture be wrapped in some strong 
paper, and then struck with a hammer, a still louder re^ 
port will be produced. 

2, Mix in a mortar five grains of the salt with half the 
quantity of powdered charcoal. On rubbing the mixture 
stronglj^ with a pestle it will ioflame. 

3. Mix a small qruaotity of sugar with half its weight of thf 
salt, and on the mixture pour a little strong solpburio acid. 
^ sudden and vehement inflammation will be produced. 

Obs. The red French matches are prepared on the aboy^ 
principle. Having finely powdered some of the salt separ- 
ately, mix it with double its weight of white sugar, moisten- 
ed, so as to make it into a paste and at the same time to pre- 
vent explosion. Then dip common brimstone matches in the 
paste and let them dry. The bottle into which they are chp^ 
ped contains strong sulphuric a^id, which is prevented from 
escaping by a quantity of finely spuofiass, or some fibres of 
asbestos. To tight one of the^e matphe^, it i^ only necessary 
to dip it into the bottle. 

jBarp/. The chlorine of the chlorate of potash being set free, 
by the stronger affinity of the sulphuric acid for its base, ac- 
cession ts^es place in consequence of the action of the chlo- 
rine on the Hydrogen and carbon of the sugar. 

In the {Lbove instances, where mixture of this s^ and opm? 
bustibles are inflamed by friction, or percussion, the chlo- 
rine is extricated b^ the neat caused%y the friction, or per- 
cussion. 

Exp, 4. To one grain of powdered salt in a mortar, add 
about half a grain of phosphorus and rub them together with 
the pestle. Very violent detonations will be produced, at- 
tended with vivid flashes of light. 
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CauHon, The hand which hoids the pestle fiheuld be cover- 
ed, and the face averted, as the inSamed phosphorus some- 
tunes 6ics several feet. 

Exp. 3. Put into a vrinc glass ten or twelve grains of the 
salt, and two or three of phosphorus, and fill it nearly with 
water. Then by means of a (rlass tube reaching the bottom 
pouf in a dram or two of sulphnric acid. The phosphorus 
will take fire and burn vividly under water. 

ExpL The sulphuric acid, at the same time it heats the 
phospDorus by raisins^ the temperature of the water, and thus 
prepares it for combustion, extricates the chlorine from the 
potash, by which the combustion is supported. 

467- Chlorate of potash may be used in the prepara- 
tion of gunpowder, as a substitute for nitre ; but the mix- 
ture of the ingredients requires extreme circumspection, 
as they sometimes explode to the great danger of the 
operator. 

Caution, Mixtures of this salt with sulphuF sometimes ex- 
plode spontaneously. All experiments witli, it should be 
made with great care, and only in small quantities. 

CARBONATES. 

468. Tlie carbonates of the alkalies, always preserve, 
more or less their alkaline properties. These salts are 
decomposed by any of the acids, occasioning a brisk ef- 
fervescence, owing to the escape of carbonic acid. The 
carbonates of the metals very faiuch resemble their ox- 
ides. 

469. Carbonate of lime* Nature furnishes this salt 
in great abundance. What are called calcareous mine- 
rals, as limestone, marble, one kind of alabaster, marl, 
chalk, &c. are more or less carbonates of lime. 

470. The carbonate of lime is soluble in the nitric, 
sulphuric, or muriatic acids. During the solution there 
is a brisk effervescence, occasioned by the escape of car- 
bonic acid. 

471. By a strong heat the carbonic acid is driven off, 
and quicklime remains. 
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BhU' Ljtaae,0rquicklim6, the article used in making mor- 
tar, U prepared by submitting' limestone to a strong heat in 
kilns, erected for that purpose. The carbonic acid being by 
this means expelled, there remains a substance, \x hich in- ' 
stead of being mild and inert as before, has now become ex- 
tremely caustic, destroying both animal and yegetahle sub^ 
stances. 

Obs. Lime has a strong affinity for carbonic acid, which it 
will not quit for any substance, except for another acid 
stronger than this. In the state of carbonate of lime, there- 
fore, it does not act on other substances. 
. 471* Carbonate of lime Is decomposed by the stronger 
acids, the carbonic acid being set free, while a new salt is 
formed. 

£lxp. Put some powdered chalk or marble into a vessel, 
and poor on it some sulphuric acid, diluted with five or six 
times its bulk of water. A violent effervescence will be oc- 
casioned in consequence of the escape of the carbonic acid. 
At the end of the experiment, *w/p/irt^ef>^/imc will be found 
to have taken the place of the carbonate. 

373. Lime absorbs carbonic acid from the atmos- 
phere. 

Illus. Leave a shallow dish of lime water exposed to the 
air. In a few days a white crust will be formed on the sur- 
face, which if broken will fall to the bottom, but will be suc- 
ceeded by another. Tliese crusts are carbonate of lirue. 

474. Carbonate of lime, though scarcely soluble in 
pure water is considerably so in water containing carbo- 
nic acid. 

Ejcp. Add to a jar about one fourth filled with lime water, 
a very small quantity of water satuc'ated with carbonic acid. 
An immediate milkiness will ensue, because the carbonic 
acid fv): ms with the lime an insoluble carbonate. Add grad- 
ually, more of the water impregnated with carbonic acid, 
shalsing tiie jar as these additions are made. At last the pre- 
cipitate will be re-dissolvcd. Hence it appears that lime, with 
a certain proportion, of carbonic acid is insoluble, but with a 
larjrer proportion it is soluble. 

475 Carbonate of potash. This is the common 00*- 
ashf or as it is called pearlash. — For an account of it$ 
preparation^ S[q. see potash. 
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476. OarboiiicaeidisabsQirbedilifveatmlMMidtocefiy 
pure potash. 

Ilhu. Fill ft commoii vial with carbonic ftcid gas over 
Vater, and stxnp it with the thnmb. Then invert the vial in a 
solution of pure potash contained in a cup, and rather exceed^' 
ing in quantity, what is sufficient to fill the bottle. The solu- 
tion will rise in the vial, and if the ^as be pure, will fill it en- 
tirely. Pour out the alkaline liqUor, and ^qg^n fiH tiie vial 
with the gas and proceed as before. In this way it will be 
found that the alkali is capable of absorUng several times its 
balk of carbonic acid. 

Id consequence of the absorjptioti of the carbMie &ciA, re- 
markable changes are effected on the properties of the pot^ 
ash. 

Illus. After absorptloD of the acid, the potash will be fonnd 
to have lost much of its corrosive and penetrating taste. It 
DO longer destroys the texture of woollen clo£, but still 
turns to green mh blue infusions of vegetables. Before its 
absorption of this gas, nothing remarkaSe ensued on mixing^ 
it with dilute sul^^uric acid, bat if this, or almost any other 
acid be now added, a violent effervescence will ensue, «ri- 
slng from the ^scajiie of the gas that had been previously absor- 

477* The potash, and pearlash of commerce are sub 
carbonaies of potash of different degrees of purity. The 
quantity of carbonic acid contained in these alkalies may 
be learned by a very simple experimeat. 

Exp. Put one or two hundred graips of the alkali into a 
Florence fiask and add a few ounces of water. Take a vial 
filled with dilute sulphuric acid, and place this as well as the 
flask in one scale. Balance the two O]^ putting weights intp 
the (^posite scale, and when the equilibrium is exactly at> 
taioed, pour the acid into the flask of alkali tiU ^e efferves- 
cence ceases. As the gas makes its escape the side contaia- 
ing the weights will gradually sink, and the addition of 
weights to the other side of the scale will show the amouol 
of loss. 

The sub-carbonate, or common potash, contains about 9# 
parts of acid to 70 of the alkali, to the 100. 

478. Bi-carbmate of rotash. Common {>otash may 
he fuDyi(attifated ^th catfoonic add by Ae foll6wui|^ 

Hressu « 
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Mgp' To a fiHered aolution of four pounds of peariaah in 
lour qoaru of water, add one pound of carbooate of anunonia, 
r^ttced to powder; and stir the mixture at interrals, tiU the 
carbonate of ammonia 49 entirely dissolved. Filter the li* 

3uor, and put it into a retort, connected with a receiver and 
istil off with a very gentle heat about half a pint of the liquor, 
which will be a tolution of carbonate of ammonia in water« 
The solution may then be transferred from the retort into an 
evaporating diBh« When cold, crystals of the bi-carbonate of 
potash will oe formed. If, however, the crystals do not shoot, 
the liquor must again be put into the retort, and the distilla- 
tion repeated. After the first crop of crystals are formed, 
these must be collected and the liquor distilled again, when 
on cooling, more will form, and this will be the caae^everal 
times. There will however be a part of the solution which 
will not cr}*8taliize. This may be boiled to dryness and ap- 
plied to the ordinary purposes of carbonate of potash. 

Bi-carbonate of potash contains about 44 parts of acid, 48 of 
base and 8 parfs of water to the 100. 

479. Carhonate of Soda, This is the common soda. 
The mode of procuring it has alrei^dy been detailed. 

Obs, There are two distinct compounds of carbonic acid and 
soda, one of which contains precisely twice as much carb6- 
nic acid as the other. 

The mb-earbonaiey which is the common soda of commerce, 
contains in 100 parts, acid 13.98, base 23.33, water 62.69 « 
100. 

The bi-carbonate is obtained by saturating the sub-qarbo- 
nate, which is done py passing a stream of carbonic acid 
through its solution, or by exposing the dry salt, to Hie ac- 
tion of the gas in a fermenting vat 

The bi-carbonate has a much milder taste than the sub- 
carbonate and requires a larger quantity of water for solu- 
tion. By exposure to a red heat the whole of its water and 
about half of its carbonic acid is expelled. 

Bi-carbonate of Soda contains to every 100 parts, acid 49, 
base 37, and water 14 sslOO. 

QUESl'IONS ON THE SALTS. 

€Kve a definition of salt. 

What ]}art of the salt is called the 3Ase ? 

When is an acid said to be saturatsb ? 

17 
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When » the acid and base said to be neutralized ? 

What does the preposition super denote when pre&ted to 
theiuuDMofasalt? 

How does suh-<arbonat€ of soda differ from the carbonate ? 

What is said €f saturating' toater wim several kinds qfscUt 
at ^ sometime f 

SULPHATES. 

What aie soipe of the distiixstive characten of the sul- 
phates. 

SULPHATE OF SODA. JEToww sulphate ^soda/ortnetf? 

Does the aiidj or alkali predominate in this wU ? 

What is the composition of this salt? 

SULPHATE OF BARYTES. What is ime of the moU re- 
markable properties of this satt f 

HoiounU f^ treat the sulphate i^barytes to afford the ioln 
ph osp horic ? 

What is the composition of this salt ? 

SULPHATE OF LIME. Where is sulahatb of lime 
fottiid, and under what name is it generally known ^ 

What are its uses ? 

WhU per cent, of water does this salt contain ? 

SULPHATE OF MAGNESIA. What is the coMMo^ 
If AME of this salt 

What is Uie process by which this salt is obtained ? 

Describe some of its properties, 

Wwhat is it composed^ and what are the proportions ? 

What are its uses ? 

SULPHATE OF ALUMINE. What is the common 
iTAME of this salt? * 

Where is it found? 

J)e8cribe the different metbods of obtainini^ it 

Describe the process of making Homberg^s PYRoPHoaus. 

Wh4U are the peculiar properties of this substance ? 

Describe the memieaX changes^ which the sugar and alum 
•undergo during tiUs process. 

NITRATES. 

What are the distinctive characters of the vitrates ? 
NITRATE OF POTASH. What is the commoh name of 
thissalt? 

Where is nitreybumi ? 

Whatis the mode of OBTiJVizra ititbeI 
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JPTuU is 8(dd of the nUreJoimd in the ttate rf Keniudey f 
Describe an artificial nitre bed. 
What CHEMICAL AGENCIES are imrolred in the fo&matiok 
of nitre in these beds ? 

Whai are the component porta of thu eoH ? 

What is obtained oy the distillation of nitre .^ 

What is said of the decomposition of nitre by means of 

SULPHUR ? 

How is ouN powder prepared ? 
Deieribe the mode rf preparing fulminatinir powder. 
NITRATE OF AMMONIA. Describe the method of 
preparing this salt f 

What are- the uses of this salt ? 

MURIATES. 

What are the distinctive characters of the MURiAtnCs ? 

MURIATE OF SODA. What is the common name of 
this salt? 

What is the proportion of common salt in sea water ? 

Describe the salt mine at Cheshire. 

Mention the principal places where great quantities of this 
$aU are found. 

What quantity of salt is estimated to have been made year- 
ly from SALT springs in the United States ? 

By what method is muriate of soda extracted from SXA 
water? 

What change does this salt undergo on being ignUed in a 

vdble vrith mareoal ? ^. 

What are the component parts of (his saU ? 

MURIATE OF LIME. How is muriate of lime prepared? 

What peculiar property of this salt is mentioned ? 

OXYMURIATES. 

What are the distinctive properties^ the axymuriaieSy or 
chlorates ? 

CHLORATE OF POTASH. How is this salt prepared ? 

What CAUTION is to be observed in preparing^ thu salt? 

When this salt is distiiled^ what is the product 7 

In what peculiar mawner can combustion be ejfeeled by msane 
of this salt? 

What is the process <f making the red matches f 

What CAUTION is to be observed in regard to mixtures of 
chlorate of potash and combustibles ? 
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CARBONATES^ 

What are the characteristic properties of the cabbonatcs f 
CARBONATE OF LIME. What is the comnon kam sr 
of this salt ? 
How is QUICKLIME prepared ? 
What acid it given <ndwhen carbonate ofVme is mixed wiih 

H^tisthe experimeni provinff the MolMlUy of lime m ear^ 
honicaeid? 

How it it proved that lime abtorbt earbonk aMfrom the ol* 
mosphere ? 

CAKBONATE OF POTASH. What is th^ coDDmoa 
ifAME of this salt P 

fVhat it taid of the quantity of carbonic acid abtorhed by 
pure potash? 

WhatcKANGK is produced qq thejaoto*^ by this absorp- 
tion? 

By what method can you tell the quantity ^ cakbon ic acii> 
which a sample of potash contains ? 

What is the difference between carbonate and bi-ecurbo^ 
fia<e of potash? 

Describe the process ^making the bi-carbonate. 

What proportions of alkali and acid do each of these salts 
contain? * 

CARBONATE OF SODA. How is soda cUained f 

There are boo distinct saUs ofsoday describe the d^erense to- 
tweenthem* 



COMPOUND COMBUSTIBLE GASES. 

Remark. A table of the gases will be fonnd atjM^«61. 
Those with simple bases have been noticed with the simple 
substances^ and several of the compound g;a8e8 it was thought 
best to describe in connection with the articles which formed 
their bases* 

CABBURETTED HYDROGEN. 

480. This ^as is composed of carbon and hydrogen. 
There seems to be several varieties of it| difieringin the 
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proportions in which the two substances unite^ and con- 
sequently in weight and splendor of burning. It is chief- 
ly procured by the distillation of mineral coal, but may 
also be obtained from charcoal and water by passing the 
steam of the latter through a tube containing the former 
at a red heat ; from cUcohol or ether by passing either of 
them in the state of vapor, through a red hot porcelain 
tube; from aidphuric acid and alcohol by distilling 
them together in a retort ; and by stirring up the mud in 
stagnant ditches of water. These gases ail agree in be- 
ing inflammable, but differ greatly in respect to the quan- 
tity of light which they emit during combustion. 

481. The specific gravity of each of . these gases, de- 
pends on the lelative proportions of carbon and hydro- 
gen of which it is composed. The brilliancy with which 
they burn is also dependent on the same circumstance. 
Thus, the specific gravity of that obtained from moisten^ 
edf cAarcoo/ is only 480, air being 1000, and it burns 
with a faint blue light not at all fitted to the purpose of il- 
lumination ; that from mineral coal when fresh prepared 
is about 780, and it burns with a brilliant white light ; 
that from alcohol and sidpiuric add has a specific grav- 
ity about 950, and greatly surpasses all the others in the 
quantity of light which it evolves by combustion. 

Oba. In England carburetted hydi^eo is used for the pur- 
pose of lighting streets, houses, factories, &c. For this pur- 
pose it is procured by the distillation of mineral coaL The 
distillation is carried on in large iron retorts, and the gas be- 
ing first passed through a cistern of lime water to purity it, is 
then earned in leaden pipes wherever it is wanted. Tlie 
pressure which forces the gas along the pipes, and out at 
the orifices where it is bnmed, is made by means of wa- 
ter, contained in a vessel of peculiar construction, called 
a gat holder. Whenever a light is wanted, a small tube pro- 
ceeds from the main one, which is furnished with a stop-cock 
and pierced with a fine orifice, at which the gas is lighted. 
When a light is wanted, all one has to do is to turn thestop- 
• 17* 
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cock and boM z candle to tiie orifice. To extiQifaiih it^ the 
stop-cock is agfaia turned so as to exclude the ^om from the 
orifice. 

To make experiments on the coal gas, procare a pistol bar- 
rel, or piece of giia barrel sto|pped at one end, which may be 
done with a Uite ntade of clay and sand. About faalf fill the 
barrel with miaeral coal ia coarse powder» and pass it tbroug^h 
a small furnace, or chaffiug dish of charcoal, so as to heat it 
red hot. Connect with the open end of the barrel a tube of 
lead, tin, or glass, leading under a vessel inverted, and filled 
with lime water. For this part of the apparatus, two amaU 
k> o^ both of them open at one end will answer very welt 
Fill the largest of them with lime water, and having furnish- 
ed the other with a stop-cock passing through the head, in- 
vert this into the other, and on opening the stop-cock so as to 
let off the air, it wii! sink down and fill with water. When it 
is full and adl the air is forced out, turn the stop-cock and then 
having passed the tube which conveys the gas under it^ make 
a fire m the furnace so as to heat the gun barrel red hot. The 
gas, will soon be driven over in abnndance. To burn it, a 
piece of lead, tin, or brass tube maj be fastened to the stop- 
cock by soldering, or by means of melted bees wax and a 
strip of rag. The upoerend of this tube being closed, make 
twx) or three fine onnees about the sise of pin hples around 
the tube. On turning the stop-cock and applyiujg a lamp, the 
gas will burn with a beautiful white fiame, the sight of which 
will amply repay the young chemist for the trouble of making 
the experiment. 

To obtain carburetted hydrogen from alcohol by meane of 
sulphuric acid, mix together in a tubulated Inetort, one meas- 
ure of alcohol and three measures of the acid. The alcohol 
is to be poui-ed in first, and the acid mixed with it a little at 
a time, as a great degree of heat would be the consequence 
of mixing them suddenly. Connect with the retort a tube 
leading under the vessel, as described for obtaining the coal 
gas, and distil with a gentle heat. 

This gas exceeds all others in the splendour and beauty of 
its fiame. 



OXIDES IN THE STATE OF GAS. 

CARBONIC OXIDE. 

482. This is also called gaseous oxide of carbon. It 
contains a less quantity of oxygen than carbonic acid, but 
18 composed of the same elements. 

483. Carbonic oxide is obtained by exposing carbonic 
acid to the action of some substance, which has the power 
of abstracting a part of its oxygen. This may be done by 
heating in an earthen retort or iron bottle, a mixture of 
equal parts of chalk and charcoal. Or by heating in the 
same way, equal parts of chalk and iron Jf lings. 

Qb8. Id both of tiiese expeuD^.ents the result is the same. 
The oarbooic acid being expelled from the chalk by the heat, 
the charcoal or iron ^ngs havii^ a strong attraction for 0x3'- 
gen, absorbs a portion from the carbonic add^ and the conse- 

2uence is, that carbonic oxide is formed; or in other words, 
iie carbonic ocul is changed into carbonic oxide by the loss of 
a portion of oxygen. 

484. This gas may be received over water in the usual 
way, but if it is required in a state of purity, lime water 
tnust be used. The last product of the distillation is the 
purest gas. 

485. This gas is lighter than common air. It is in- 
flamaiable wl»en fired from a small orifice, and burns 
with a blue fiame.' 

486. When burned in the manner which proves that 
hydrogen forms water by combustion, no water is formed 
which proves that it contains no hydrogen. 

Obt. It is extremely noxious to animals, and fatal to them 
if confined in it. 

NITROUS OXIDE. 

487* This compound gas is composed of oxygen, and 
nitrogen. 

It may be obtained by several processes ; but that of 
distilling the niirate of ammonia is the only one which 



196 mTRovs oxiDi. 

affords it in sufficient purity for respiration. For the 
method of malcing this salt^ see nitrate of ammonia, 

Exp, To prepare this gas and try its effects by respiration, 
the following simple appaiatns may be used where no better 
can be obtained. Prepare a Florence flask by fitting to it a 
tube as in figure 6. Into this put two or three ounces of nitrate 
of ammonia. For a gas holder, fit to a large stone jug a cork 
pierced with two apertures by a burning iron. Into one of 
the apertures pass a tube of glass or tin, so that it shall come 
withm half an inch^of the bottom of the jug when the cork is 
put in its place ; and let the other orifice be stopped with an- 
other cork. For a pneumatic tub, take a commoa wash tub, 
and fit to it a strip of board passing through the middle, and 
about three inches from the top, so that when the tub is filled 
with water the board will be covered. The board must have 
a hole through it, over which the mouth of the jug is lo be set- 
Having prepared things as above directed, fill S^e iug with 
water and invert it over the aperture of the board ; bend the 
tube belonging to thefiaskso that it will just enter the mouth 
of the jug, and setting the flask on the lamp stand, appij a 
very gentle heat. If there is no lamp furnace at hand, the 
flask can be suspended by a string or wiroi and heated by a 
common lamp, or two. The salt will soon melt and become 
fluid, and the gas will be extricated in abundance. When 
the jug is neany full, which can be told by the noise of the 
bubbles, slip the hand under its mouth and set it upright ; then 
immediately put the cork with the tube - throu^ it in its 
place. Havio^ prepared the gas, let it stand over the water 
which remains in the jug for an hour or two, shaking it now 
and then, so that if it should contain any nitrous gas, this 
may be absorbed. < , 

To respire the gas, prepare a bladder, or oiled silk bag, by 
attaching to it a tube which exactly fits the second aperture 
in the cork, and having squeezed all the air out of the blad- 
der, or bag, pass in the tube. Next pour such a quantity of 
water into the jug through the long tube, as you wish to ob- 
tain of the gas. It is obvious that the gas cannot escape 
through the lon^ tube, because its- lower eqd is immersed in 
the water. It is therefore forced into the bladder. When 
this is full, withdraw the tube from the jug, and holding the 
nose with one hand, with the other apply the tube to the lips, 
and respire it backward and forwards from the bladder to the 
lungs. The lungs must first be exhausted of air by breathing 
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wU before the g^as is inspired. The quantity ta be breathed is 
from two, to four, or e^en eight quarts. 

QUESTIONS ON THE COMPOUND GASES. 

CARBURETTED HYDROGEN. What is the compo- 
aitioa of this gas ? 

HluU different %8 ikere he^een tke severed ixmeHes of tkU 
gaw? 

How is carburetted hydrogen procured ? 

Oo what does the difference of specific gravitt in these 
gases depend ? 

How is the gas used in liobtin o streets, obtained ? 

By iohal simple experiment can an example of gas-lights he 
shown? 

By what process eon th*8gas be obtavnedfrom alcohol? 

CARBONIC OXIDE. How does this gas diiter from 
cjjuomc acid? 

Iibw is carbonic oxide obtatneb ? 

Explain why carbonic oxide is obtained by this process, 
and not caHbonic acid ? 

Is ^is aninflammaMe gas ? 

How is it PBoT«i> that this gas contains vo htdsogcn f 

NITROUS OXIDE. What is the composition of thi» 

OAS? 

What is the name of the salt from lohiih this gas is obtained ? 
What is the process of obtaining it ? 
Describe the simple utensils with which it may be pro- 
evMMP and BRf athbd. 



OF VEGETATION. 

4S8. 1 Notwithstanding the great variety of forms, tex« 
ture, and colours, jinder which plants and their several 
parts, as seeds, fruit, &c. appear, their chemical proper- 
ties differ only in being composed of various proportions 
df the same principles, oxygen^ hydrogen^ and carbon^ 
being the principle constituents of ail vegetables, to which 
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is occasionally added small proportions of nitrogen. 
The various proportions in which these elements are com* 
bined; together with the mode of combination, causes 
the great diversity which subsists among the products of 
the vegetable kingdom. 

489* The essential organs of plants are the root, the 
siemy the leavet, the fiowen^ and the seeds. ^ 

Obt. The root serves to attach the plant to the soil, and is 
one of its oi|^d8 of nutrim^it. The stem is usually erect and 
subdivided mto branches which bear the leaves and Jtowersy 
and upon which the/rttit or seeds are ultimately produced.l 

490i When a seed is placed under certain circumstan- 
ces, favorable to its growth, it soon undergoes a change. 
It swells, grows soft, bursts its membrane or shell, and at 
the same time from being insipid and farinaceous, it be- 
comes sweet and mucilaginous, and serves for the nigri- 
ment of the young plfmt. The stem and leaves are soon 
after elevated above the surface of the earth, in search of 
air and light, while the roots shoot downwards, or spread 
about under its surface, to obtain a further supply of noifr- 
i$hment.f 

Obs. The circumstances rec^uisite for the healthy germina- 
tion, or rrowthof seedSf^are pnncipally the followhig. 

1. A due temperature, which is always above the freezing 
point, and below 100 de^es. 

2. Moisture in a certain proportion, depending on the land 
of seed. 

3. A proper access of air, the oxygen of which is slowly 
converted into carbonic acid. The joint operatioa of all 
these agents is necessary ; for seeds exposed to air and mois- 
ture, the temperature being below 32 degrees, will not grow, 
though they are not absolutely destroyed by the frost. Nor 
will a seed vegetate without air though heat and moisture be 
present. This is shown by burying seeds deep in the earth, 
and by the spontaneous vegetation upon soil newly turned up 
and exposed to the air. Thus a specimen of allovial soil on 
beingf exposed to the air will afford grass, from the seeds it 
already contained, and which have been far years in a torpid 
state for want of oxygen* i 
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|f This curious fact is further proved bj exposing seeds to 
proper degrees of heat and moisture, but cootained id the ex- 
nausted receiver of an air pump. Mr. Ray, found that seeds 
so placed, could not be made to germinate, but began to 
^row as soon as the air, was admitted./ 
. 491 • Seeds do not germinate unless oxygen be pre- 
sent. 

Illut. It has been proved by the most careful experiments, 
that oxyigen gsta is absolutely necessary to the germination of 
seeds, and that no seed will grow in nitrogen gas, hydrogen 
£^, or in carbonic acid, when these gases are pure, or con- 
tain no oxygen. It follows therefore, that it is not the whole 
atmosphere, but only the oxygen gas which it contains, that 
is necessary to the germination of plants. ^ 

It appears however, that only a very small quantity of ox^- 

Cis necessary to effect the germinating process, for it is 
id that if the receiver of the air pump m which the ex- 
periment is made, is not completely exhausted, these seeds 
wil sprout, and by not producing a complete vacuum, sever- 
al philosophers have been deceived, apd nave concluded that 
air was not absolutely requisite to germination. The growth 
of seeds when buried to a certain depth in the earth, sdso 
. shows that very little oxygen is necessary. 

492. When the plant is elevated above the soil, and 
shoots forth leaves, it obtains nourishment from the air 
as well as from the earth. 

0&8./ The immediate source from which plants obtain their 
food, has been a matter of doubt and controversy. It is cer- 
tain howevef that they will not grow^ unless heat, air, and 
moisture be present at the same time. It also seems requi- 
site for their vigorous growth, that their roots should be placed 
in the earth ; but whether the earth contributes to their nour- 
ishment, or serves merely to give them sumwrt, was a ques- 
tion which for a long time remained undecided. 

Van Helmont planted a willow which weighed 5 pounds in 
a pot containing 200 pounds of earth. This he watered for 
the space of five years, and at the end of that time the tree 
was round to we^;fa 169 1-4 pounds, while the earth being 
dried was found to have lost only two ounces of its original 
weight Here then was an increase of 164 pounds and yet 
the only food of the plant was water. This experiment was 
supposed to settle the question that pure water was the soii 
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food of plants, until it was afterwards shown, that tfte water 
with which the plant was moistened, contained as much earth 
as could exi-t in the Willow at the end of the fire years. 

493. After a great variety of experiaients on this sub- 
ject it has been ascertained that plants will germinate in 
pure water, and that the young plant will for a time grovr 
with no other aliment, but that it soon becomes un- 
healthy, and does not come to maturity and produce seed 
without other nourishment. > 

494. It has also been demonstrated, that plants absorb 
something from the soil on which they grow besides wa- 
ter, for on their analysis they are found to contain a quan- 
tity of earth, which is of the same kind with the soil on 
which they stand. 

495. Another proof that plants require something be- 
sides water, is afforded by the fact that soils become sterile 
by a long succession of ctops, but are again made pro- 
ductive by manure. 

496. It is not however the ear^A«. contained in a soil 
which make it productive, but the remains of animal 
and vegetable substances, and the proportion c( these 
capable of being held in solution by water. 

Illut. On making an experiment by planting some vegeta- 
bles in the pure Jearths, as silica, alumine, magnesia, &c. 
and moistening them with pure water, it was fo|ind that thef 
could not be made to grow, but on moistenmg the earths 
with some water from a manure heap, the plants grew well.) 

Obs, \lt is well known that earth alone, such as is dug up 
at a considerable depth from the surface of the ground does 
not form a productive soil, but that a good soil always con- 
tains a greater or less proportion of vegetable mould ; and it 
is most probable that this, which is formed chiefly of decayed 
vegetables, is absolutely necessary to the vigorous growth of 
plants. Its solubility in water probably prepares it for ab- 
sorption by the roots of the vegetable, after which, by soine 
unknown process it is first converted into sap, and afterwards 
becomea a part of the plant itself. 1 

497* As the roots of plants contain no visible open- 
ings, the food wliich they imbibe from the earth mu3t b^ 
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iQ a State of aolation, and is distributed to ail parts of the 
plaoty by means of the sap of which it forms an iogredk- 
ent 

(M The sap which may be considered as the Iwnph of 
the frfaat, is, during vegetatioD, constantly ascending^ from the 
root towards the summit, and ultimately into the leaves. 
Here it undergoes a considerable change; the watery parts 
lieing thrown m by the perspiration of me leaves, while that 
which remains is converted mto a peculiar juice, called the 
true stu), which like the blood of animals, is afterwards em- 
ploved in forming the various substances found in plants. 

498. The leaves of plants are not only their perspir- 
atory organs, but they also perform the office of absorb- 
ing the carbonic acid gas from the atmosphere/ 

Illus. 1. The Jeaves of plants throw off iai^e quantities 
of moisture by perspiration. This process is constantly go* 
ing on so long as the plant is growing, but is much greater 
in the day time than during the night. Dr. Hales found) that 
a cabbage transmitted daily a quantity of moisture nearly 
equal to half its weight. The office of transpiration is per- 
formed by ttie upper surfaces of the leaves only, and may be 
almost entirely stopped by varnishing that surface. 

2, /The fact that plants absorb carbonic acid, was first dis- 
covered by Dr. Pjriestly. He found, on making a sprig of 
mint vegetate for ten days, in a portion of this gas, which 
would inslanilv extinguish a candle, that at the end of that 
time, the candle would burn in it perfectly well. Subse- 
tjuent experiments have shown, that plants will not vegetate 
in pure carbonic acid, but that a certain quantity not only 
improved their growth, but is absolutely necessary to healthy 
vegetation. \ 

599. While plants absorb carbonic acid they give out 
oxygen gas. 

lUut, It is well known, that on exposing a sprig of mint or 
any other plant of vigorous growth, to the action of the sun, 
tliat it gives out oxygen gas. For this purpose the plant is 
placed in an inverted beU-glass filled with water. When a 
plant thus situated is exposed to the direct ra3's of the sun, 
the leaves are soon covered with small bubbles of the gas, 
which rise up, displace the water, and fill the upper part of j 
the vessel. 

18 
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50Qr Carbonic acid is decomposed by A^ organs of 
growing plants, the carbonic being retained, while the 
ozyji^i is given out. \ 

Mm. It has already been stated, that when a sprig of 
mint, or other plant, is exposed to the direct rays of the sun 
in a glass of water, that it emits oxygen gas. Now the vessd 
and water only serve as the means of ascertaining this fact, 
tfte vessel to retain the gas, and the water to exclude the 
air, the water and plant having no action on each other, by 
which snch an effect is produced, f- 

. 501.1 The oxygen gas which plants give out when con- 
fined in water, is obtained from the carbonic acid which 
it absorbs from the air contained in the water. 

lUus, For when the experiment is made with water which 
has been boiled, or has bad the air exhausted from it by 
means of an air pump, not a particle of oxygen is obtained. 
' f . Another proof that vegetables absorfc carbonic acid, 
and in consequence emit oxygen gas, is, that jthey do not 
give .out the latter unless the former be present.'' 

Carol, llius, then, plants absorb carbomc acid, retain the 
carbon for their own nourishment, but return the oxygen j 
and it is most probable, that the carbon wuich trees and oth- 
er plants contain, and which forms the greatest part of their 
bulk, is obtained ft^in the atmosphere, by the absorption and 
decomposition of carbonic acid gas. 

502. Plants will tiot vegetate unless oxygen gas or 
atmospheric air be present. 

Illus. It has been found that carbonic acid, nitrogen, or 
hydrogen, when pure, would destroy plants altogether; but 
that when mixed with a small proportion of oxygen or at> 
mospheric air, vegetation went on well in either of these 
gases. 

\ 503. Plants ahiorh oxygen gas^and while this process 
is going on they emit carbonic acid. 

&tf». When the leaves of plants are placed in contact 
with a confined portion of atmospheric air during the night, 
the air is found in the morning to be diminished in bulk, and 
to have lost itd oxygen ; at the same time a portion of car- 
bonic acid' is found instead of the oxygen absorbed. 

Remark, The pupil will remember that this is the reverie 
of what has been stated on another page; both propostions 
"e however true. 
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5o4* During the night plants abiorb oxygen and form 
with it carbonic acid| a portion of which they transmit| 
but not all. 

Obt. Plants will aot lire mthoat this nightly inspiratioa of 
oxygen, even thoueb ^applied with carbonic acid, provided 
the ofxygen formed by them during the dav, is constantly 
withdravm from them at the approach of night. 

505.^ The leaves of plants absorb water as well as 
oxygen^'and carbonic acid. 

lilus. The great effect which daw and light showers, or 
eren wetting the leares of plants have in reviving their 
strength and making them grow when they are drooping with 
heat and drought, are so many proofs that the leaves imbibe 
moisture from the atmosphere- T 

505.^ Experiments have ^hown that leaves continue 
to live for weeks, when ane o( their surfaces is applied 
to w&ter, and that they not only vegetate themselves, but 
even imbibe water enough to support the vegetation of a 
whole plant, and the leaves belonging to it. 

506. It is most probable then that during dry seasonsj 
when there is a defect of moisture in the earth, and con- 
sequently an insufficient absorption by the roots, that the 
plant is in part supplied by imbibing it from the atmos* 
phere, or from the dew which falls on it during the night* 

CoroL Thus it appears that toatery earbomc add and oxygen^' 
are eac^ of them absorbed bj the leaves of plants at one 
time, and emitted by them at another. 

607; In addition to heat, moisture, and oxygen^ 
healthy vegetation requires the action of a certain quan« 
tity of light. 

Ilius, Plants growing in tlie dark are white, or nearly od- 
ourless; hence, the green colour of all vegetables depend on 
the li^ht. 

508. The disposition of plants to enjoy the light is 
expressed by their inclination towards it, when it is 
stronger in one direction than in another. 1 

iZ/w^AThus potatoes or bean vines growing in a dark eel* 
lar, will always run towards a part where there is the most 
light, and if possible will creep out into the open air. 
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SOSfl Plftiitf growing in flower pots plaeed in a win- 
dow, turn the discs of their flowers and leaves towards 
the light and grow in that position. 

510. In thick forests the trees grow tall for the sanie 
reason ; they stretch up to enjoy Tight and heat. 

41 i. Plants growing in the dark, Contain less carbo- 
naceous matter and more water than olose which veget- 
ate in the usual manner. 

Ilixu. A plant which grew in the dark was found to con- 
tain only about one ninetieth part of carbon ; but cm permit- 
ting the same plant to grow for thirty days in the 4iin it was 
found to contain one twenty-fourth part of carbon. 

512. Plants v^etating in the dark contain less hydro- 
ten and nore osygen, than those which grow in the 
fight. 

Illtu. It has been found that no oxygen is emitted by such 
plants as gnrow in the dark, and as the emission of oxygen is 
owing to the absorption of carbonic acid, it is probable that 
this is not absorbed. This then, would account for the small 
quantity of carbo&aceods matter, which such plante contain 
as well as for the reason why they do not give out oxygen. 

Obs. '1 he quantity of oily matter in etiulated plants is very 
small. Oil is composed chiefly of carbon and hydrogen. 
Hence the formation of oil probably requires the agency of 
its light. \ 

513./ RECAPITULATION. Vegetable substances 
are chiefly composed of carbon, oxygen, and hydrogen^ 
but occasionally contain a portion of nitrogen, 

514. During the process of germination, the farinace- 
ous substance of seeds becomes sweet, and aflbrds nour- 
ishment to the young plant. 

515. Healthy germination does not take place without 
heat, o)cygen, and moisture. 

516. Seeds will not germinate in the exhausted re- 
ceiver of an air-pump, though heat and moisture be pres- 
ent. 

517. Plants receive nourishment from the air, as well 
as from the eartb« 
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318. Plants nounshed by pure water alone, but hav- 
ing access to air, grow for a time, but will not produce 
seeds. 

519. It is most probable that all the food which veget- 
ables receive by their roots, is in a state of solution in 
water. 

520. The sap unda^oes a g[reat change in the leaves, 
where it loses a portion of water, and is converted into 
true sap^ which afterwards goes to form the various sub- 
stances found in plants. 

521. Plants absorb carbonic acid and at the same time 
gives out oxygen gas. 

522. Plants absorb oxygea^gas and give out carbonic 
acid. ' 

Obt, It appears that the leaves of plants perform very dif- 
ferent operations at the different periods of 34 hours. Dur- 
ing the day they are giving out moisture, absorbing carbonic 
acid, and emitting oxygen gas ; during the nighi^ on the con- 
trary, they are a&orbing moisture, giving out carbonic acid 
gas, and absorbing oxygen gas. 

523. /Plants 6o not live without they are permitted to 
absorb oxygen during the night. Nor do they live with 
out the absorption of s quantity of carbonic apid dur- 
ing the day. 

524. Vegetation will continue for a time in carbonic 
acid, or in oxygen gas, because when confined in the car* 
home add it emits during the day a quantity of oxygen 
which it again absorbs at nighty add when confined in 
oxygen it gives out a portion of carbonic add at nigJU, 
which again serves it during the day. « # 

CoroL We may then conclude that plants obtain their food 
from the eartk^ from water, and from the atmosphere. From 
the earth they take up a small quantity of earthy matter. 
From water they obtain nourishment in consequence of its 
holding in solution decomposed vegetable matter. And from 
the air they absorb carbonic acid, emit the oxycen, but re- 
tain the carbon, which forms the principal part of their bulk, 
18* 
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525. Healthy vegetation absolutely reqatres the agen- 
cy of l^lU, 

526. Plants growing in the dark are white. They 
show their propensity to enjoy the light by leaning or 
creeping towards it. 

Etiolated plants contain less carbon and hydrogen, 
but more oxygen, than othens. They do not absorb car- 
bonic acid gas. They contain a deficiency of oily mat- 
ter. 

OP THE COMPOSITION AND ANALYSIS OF 
VEGETABLE SUBSTANCES. 

527. When vegetable substances are submitted to 
destructive distillation, the carbon, hydrogen, and oxy- 
gen, enter into new combinations, and we obtain a varie- 
ty of products^ differing according to the nature of the 
vegetable and the mode of distillation. 

Obf. In general the products of vegetables treated by dis- 
tillation are, water, pyroligneous acid, empyreumaiic oil, car- 
bonic and, and tarburetted hydrogen* If the vegetable con- 
tains niJtrog^r^ a qaaatity of ammonia is obtained. A portion 
of charcoal, with a small quantity of earthy and saline mat- 
ter, remains in the retort. 

528. These several products are all composed of the 
same ultimate principles, but combined in different pro- 
portions and newly arranged. 

lllus. Water is composed of oxygen and hydrogen, 

Pyf'oligneous Ojcid consists of oxygen^ hydrogen^ and a small 
quantity of carbon. The oxygen being in such a proporiioo, 
as % give the acid properties. 

Empyreumatic oil is chiefly composed of carbon and hydro- 
gen, but contains also a small portion of oxygen. 

Carbonic acid consists of carbon and oxygen. 

Carburetted hydrogen, is compoaed entirely of carbon and 
hydrogen. 

Ammonia consists of nitrogen and hydrogen. 

These several products being separately submitted to anal- 
ysis, otI show thej^roportions of carbon, hydrogen, oxygen, 
and nitrogen which each contains. 
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529. By subjecting different vegetable substances to 
ultimate analysis, it has been ascertained that the pro- 
. dacts which result from the different combinations of ox- 
ygen and hydrogen, are as follows : 

A v^etabie sabstaace is alw^ays acid where the oxygen 
which it contains is to the hydrogen in a proportion greater 
than is necessary to form water, or wliere there is excess of 
.oxygen. 

A vegetable substance is resinous, oily, or alcoholic, where 
the oxygen is to the hydrogen, in a less proportion than in 
water, or where there is excess of hydrogen* 

A vegetable substance is neither acid nor resinons, but 
saccharine, mucilaKioous> &c. where the oxygen and hydro- 
g^en are in the same relative proportion as in water, or where 
there is no excess of either. 

Obs, In addition to the oxygen and hydrogen, there is in 
resin, oil, alcohol, sugar, and mucilage, a quantity of car- 
bon. 

OF THE INGREDIENTS OF PLANTS. 

530. }The ingredients of plants are distinct substan- 
ces, formed by their secreting organs, and sej^rable from 
each other without destructive distillation. 

531. They are separated by certain solvents which 
have the power of dissolving some, but not the others. 
Thus water dissolves gum, but not resin ; while alcohol 
will take up the resin and leave the gu/n, &c. 

Obs. The solvents made use of for separating t))e ingredi- 
ents of vegetables, are hot and cold water, alcohol, ether, 
and some of the acids. 

2. The following are the principal ingredients, or what 
are called the proximate principles of vegetables. Some ac- 
count of ttie most important among them will be given. 

1. Gum. 9. Fixed oil. 

2. Sugar. .10. Volatile oil. 

3. Starch. 11. Camphor. 

4. Gluten. 12. Kesins. 

5. Extractive and Lignin 13. Narcotic principle. 
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6. Tanoin. 14. Bituminous substaaces. 

7. Colourinr matter, 15. Veffelablc' acids. 

8. Wax. 

532. Gum. Own Arabic may be takern as a speci- 
men of pure gum. It dissolves in ^i^ater forming a viscid 
solution, or mucilage from which it may be obtained in 
its original state by evaporation. It is insoluble in al- 
coholy which therefore causes a white precipitate in its 
aqueous solution. 

Obs, 1. Gum is decomposed by sulphuric and nitric acids : 
the former produces water, acetous acid, and charcoal ; tb€ 
latter among other products converts a portion of the gum 
into a white acid substance, called mucous acid. 

?• When g^m is submitted to destructive distillation it af- 
fords carbonic acid, and carburetted hydrogen, empyreuma- 
tic oil, water, and a quantity of impure acetic acid. ^ 
< 533. S&OAE. Sugar may be extracted from a number 
of vegetables, and several roots, but is chiefly obtained 
from the sugar cane, a plant which thrives in hot cli- 
mates. T& juice of this, plant is expressed and evapo- 
rated with the addition of a small quantity of lime, until 
it acquires a thick consistency ; it is then transferred into 
wooden coolers, where a portion concretes into a crystal- 
line mass which is drained, and then forms what is called 
muBOovaio or raw sugar. The liquor which is drained 
ofi* is called mokaseat.' 

O^ Raw sugar is purified by the following process, ft is 
dissolved in water mixed with lime and bullocks blood. 
This composition is agitated to mix the blood and water well 
together. The use of the lime is to mix with the molasses 
and render it more soluble, and consequently to facilitate its 
separation from the sugar. This operation is done in pans, 
unc^er which a fire is now kindled, and when the liquor be- 
gins to boil, the albumen of the blood coagulates, rising to the 
top and bringing with it such impurities as the sugar contaio- 
ed. The liquor being kept gently simmering^, the impurities 
are constantly risiog to the surface, from whence they are re- 
moved by a skimmer. When the solution is jadged to be 
sufficienuy clear, it is placed in smaller pans and boiled rap- 
id^ until it becomes so thick, as that a small quantity being 
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l^aeed on the tbamb, mav be drawn in threads by the ibre- 
ifin^er. It is then passed intd coolers, where it is agitated 
with wooden oars, until it appears thick and grannlated It 
is said by Mr. Brande, that it is on this dotation in the cooU 
er,that the whiteness and fineness of grain in the refined su- 
g-ar depends. The crystals being broken by the agitation » 
and the whole converted into a granular mass, faclHtates tht 
draining off of the coloured liquid. After this it is placed in 
conical cupsof earthern ware, of the well known form, called 
mxgar loaf. These moulds have apertures at the bottom, to 
which stoppers are fitted After the sugar is placed in them, 
and has become cold, the stoppers are removed and the loaves 
are allowed to remain in them until another portion of mo- 
lasses drains oif, which leaves the sugar much whiter than 
before. This last operation is assisted by heat. When this 
is done, pipe-clay carefully mixed up with water to the con- 
sistence or cream, is put upon the loaves to the thickness of 
ajbout an inch ; the water from this slowly nercolates the 
loaves, and washing the solid sugar from all remains and 
tinge of the molasses, runs into the pots. After this the 
loaves arf^ dried by heat, and put up in papers for sale. 

5S4. When sagar is heated it fineSy becomes browiii 
evolves a little water and is resolved into new arrange* 
ments ot its component elements. If suddenly elevated 
to a temperature of aboot 500 degrees it bursts into 
flame. 

535. Sugar is composed in round numb^r^ of about 
42 parts of carbon^ 51 of oxygen, and T of bydrc^en. 

536. Si ARDH or FecuUi may be separated from a va« 
riety of vegetable substances ; it is contained in wheat 
and other esculent grains and in several roots. 

Obs. The process for obiainiug starch consists in diffusing 
the powdered grain or the lasped root in cold water, which 
becomes white and turbid. After some hours the grosser 
parts are separated by a strainer, and the liquor which passes 
deposits the starch, which is then washed in cold water and 
dned in a prentle lieat. 

537. Starch is insoluble in alcohol and in ether, and 
occasions no precipitate in the greater number of metal- 
lic solutions. 
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06f. The most characteristic property of starch, is that o^ 
forming a blue compound with iodine, 

538. During the germination of seeds the starch Ig 
converted into sugar. 

539* Starch may also be converted into sugar by mix- 
iogit with sulphuric acid and water. 

£ixp. Digest, a pound of starch in six or eight pints of pur* 
water, rendered slightly acid by two or three drachms of sul- 
phuric acid. The mixture should be simmered for two days* 
adding fresh portions of water to compensate for the loss by 
evaporation. The acid is then saturated by chalk, and the 
mixture filtered and evaporated to the consistence of syrap. 
This syrup has a sweet taste, and by purification in the usual 
way, it aibrds erystalized sugar. The quantity obtained ex- 
ceeds the weight of the starch by about one tenth. Starch is 
composed of about 43 parts of carbon, 48 of oxygen, and 7 of 
hydrogen 3*8 100. 

Obs. The principal varieties of starch are the following. 
Arrow rooi^ PokUoe ttarehy Sago^ Tapioca^ Cassava^ Salopy 
and the ttarth of wheat, 

540. Gluten may be obtained from wheat flour, by form- 
ing it into a paste and washing it under a small stream of 
water. The starch is thus wasted away, and a tough 
elastic substance remains which is gluten. 

OIm. Its colour is grey, and when dried, it beconnes brown 
and brittle. It is nearly insoluble in water and in ether. 
When allowed to putrify it exhales an offensive odour, and 
when submitted to destructive distillation it furnishes ammo- 
nia, a circumstance in which it resembles animal substances. 

India rubber and bird lime may also be considered as allied 
torluten. 

Wheat contains from 18 to 24 per cent, of gluten, the re- 
mainder being principally starch. 

541. Extractive Matter. Most vegetables, when 
submitted for a time to the action of hot water, impart to 
it a brown colour. When this solution is evaporated, 
there remains a solid substance of a brown colour, which 
is extractive matter. 

Obs. Extracts are prepared by the apothecaries as a meaos 
of concentrating the virtues of plants, for medical use. These 



•OLOUBINO MATTXR. 211 

extracts not only contain the proper extractire matter, but 
also several foreig^n substances. 

542. There are many kinds of extractive matter, dif- 
feriug from each other in taste, quality, and virtue. 

Obi. Extractive matter is sdnble in water and in alcohol 
containing a small quantity of water. From these solutions 
it is precipitated by solution of chlorine, by many of the adds, 
and oy roost of the metallic oxides. 

643. Tannin is contuned in abundance in nut-galls, 
in grape seeds, oak bark, catechu, Sx. and in greater or 
less quantities, in all vegetables and roots which are as- 
tringent to the taste. 

06f . Tannin may be obtained from either ci the above na- 
med aabstances, by first bruising the article, and then digest- 
ing it in a small quantity of cold water, and afterwards evapor- 
atmji^the water. It is of a yellowish brown colour^ extremely 
astrmjrant, and soluble in water and alcohol. 

2. Tannin is distinguished by its affiirding an insoluble pre- 
cipitate with isinglass, or any other animal gelly. It is on 
this principle that the art of tanning leather is founded. The 
hides are laid in vats, and between each two there is thrown a 
layer oi oak, or some other bark, which contains tannin, in 
coarse powder. The tannin of the bark combines with gela- 
tine of the bide and renders it hard and imperuious to water. 

544. CoLovRiNO Matter. The colouring principles 
of vegetables are numerous, and various in their proper* 
ties. The extraction of these principles, and the transfer 
of them to different substances consututes the art ofd/y^ 

Obt, Colours have been divided into nAiUmtwe and adjee- 
IJM. Substantive colours are such as do not require the in- 
tervention of any other substance to ^ them permanently, 
their attraction for the doth being sufficient. Adjective 
colours re<)uire the intervention of some substance which has 
an attraction both for the colouring matter and stuff to be 
dyed. This iDterveuinflp substance is called a mordant. It 
consists of a metallic saut, with which the substance to be 
dyed is first impregnated, and afterwards passed through a 
solution of the colouring matter. 

The mordants most commonly employed are nMuUeof 
irofiy muriaie of tin, miiphaU rfohmme and seeto^e pfvrm. 
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545. Difiereot mordants are used for different ccdoiirs^ 
as well as for different kinds of cloth. 

lUu8. Blatk is produced hf astringents and salts of iron. 
The stuff is first soaked in a stfoog eoiutioa of galls, and after^ 
wafds passed through a sedation of sulphate of iron in an infu- 
sion of logwood. 

2. Bed$ are chiefly produced from madder, and the colour- 
ing mattc^r is fixed by a mordant of muriate of tin, &c. 

546. FiKKi^ OILS. Vegetable oils are of two kii>ds, 
fixed and voUUik. 

547* Fixed oil is found in the seeds of plants only, 
and is almost entirely confined to those which have twp 
colytedonsy as linseed^ almonds, walnuts, olives, &c 

548. These oils are obtained by pressure. They are 
viscid, nearly insipid, and generally congeal at a higher 
temperature than tliat required t(f freeze water. 

Obs. The fixed oils, with a few exceptions, undergo little 
other changfe by exposure to air,^than that of becoming soyne- 
what more viscid, and acquiring'a degree of rancidity. Tt»is 
change is owing to absorption of oxygen, for rancid oils red- 
den vegetable blues, and tlierefore contain a quantity of free 
acid. 

Some few of the fixed oils, on exposure to air, become cov- 
ered with a tiiin pellicle, occasioned partly by the evapora- 
tion of their volatde particles and partly by the absorption of 
oxygen. These are called drying oils, and are used in paint- 
ing. Of these oils, the most common is linseed oil, rape oil, 
and hemp seed oiL 

The alkalies combine with the fixed oils, and form soap. 

The fixed oik are composed of carbon, hydrogen and oxy- 
gen. 

549* Volatile oils. These oils are obtained from 
plants by distillation. Some fruits however yield them 
by pressure ; such as the lemon, orange and bergamot, 
which contain the oil in distinct visicles in the rind of the 
fruit 

55.0. The volatile oils have a penetrating odour and 
taste, and contain the odoriferous principle which distin- 
guishes the aromatic plants. It is indeed the volatile 
oil, to which the smell of plants is owing. 
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OAff. 1. Thesft oils are sduble in alcohol, and very sparing- 
ly so io water. When dissolred in the former (hey constitute 
esseiues^ a great variety of w)iich are maaiifecturad particu- 
larly at Paris, and are used as perfumes. Waters holdiag a 
Bmall portion of aromatic oil, in solatioo, are called diMled 
tcfUers, A variety of these are used ia medicine. 

2. The volatile oils when pure, pass off by evaporation, 
without leaving any stain on white paper. Hence a g^ood test 
of the puritjr of these oils, is to let a drop £biU on paper, and if 
an oily spot is left after the paper is warmed, it is certain that 
it has been adulterated by some fixed oil. 

QUESTIONS ON VEGETATION. 

What are the elembntart suBSTAness of which veceta- 
bi.es are composed ? 

What are the essential okgans of plants ? 

What change does the farinaceous substance of seeds 
undergo during their germination ? 

What circumstances are necessary to the healthv ger- 
mination of seeds ? 

flow is it shown that seeds will not germinate without 

AIR? 

fVh4Uu9aidoftheg9rmivuilion qfseedi in the exhausted re- 
ceiver of (in air pump 7 

What effect does oxvgen have on the germination of 
seeds ? 

WhaJt is taid of Van HelmonVs willow ? 

What is ascertained concerning the growth of plants is 
pure water? 

How is it proved that plants absorb matter from the soil ? 

What particular ingredients must a soil contain in or- 
der to make it productive ? 

Is it necessary that the food of plants should be soluble 
in water ? 

What CHANGS does the sap undergo in the leaves ? 

JVhat part of a plant performs the office of perspiration ? 

What facts are Known concerning the absorption of car- 
bonic ACID by the leaves of plants ? 

JVill plants live in pure carbonic acid ? 

What do plants emit while they absorb carbonic acid ? 

llow ^o you account for the fact that plants absorb car- 
bonic ACID aad at the same time give out oxtgen ? 
> 19 
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When a plant is exposed to the rays qfthe sfin, under toater, 
ufhat effect does the water have on the plant ? 

How is it proved that plants refuse to emit oxygen, unless 
carbonic acid be present ? 

What DIFFERENT OFFICES do the leaves of plants perforin 
during the night and during the day ? 

Wkat is said of the absorption of water by the leaves of 
plants ? 

What circumstances show that Vie leaves absorb water ? 

What other a^ent besides heat, oxygen, and moisture, does 
vegetaiion require ? 

How do plants show their disposition to enjoy the light ? 

Why do trees standing near together grow taller than those 
which are scattered f 

What effect does light or darkness have on the quantity of 
carbon which plants contain ? 

Why do not plants growing in the dark contain the ordinary 
quantity of oil ? 

What are the products of vegetables, when submitted to 

DESTRUCTIVE DISTILLATION ? 

What are each of these products comppsed of? 

When a vegetable substance contains more oxygen, than 
is necessary to form water with the hydrogen present, 
what is the result ? 

When a vegetable substance contains /e^j oxygen, than in 
the proportion to form water with the hydrogen present, 
what then is formed ? 

In what proportion do the elements, hydrogen and oxygen 
exist, in SACCHARINE and mucilaginous substances? 

What are the ingredients of plants ? 

How can the ingredients of plants be separated from 
each other ? 

What are the solvents mMe use of for this purpose ? 

GUM. What is the proper solvent of Gum ? 

When GUM is submitted to destructive distillation, what i^ 
the product ? 

SUQAR. How is sugar obtained ? 

What is the process of purifying raw sugar ? 

Whol is the method of whitening sugar ? 

What is the composition of sugar ? 

STARCH. How is starch obtained, and from what sut" 
stances ? 

WhcU is the most characteristic property of starch ? 

How may starch be converted into sugar ? 



aU£STIONS. 

GLUTEN. How may gluten be obtained 
What are the properties o^ gluten 7 
"' i of gluten in 
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What M the proportion of gluten in wheat ? 
EXTRACTIVE MATTER. What is meant by extrac- 
tive MATTER ? 
How is it obtained ? 
TANNIN. What are the substances which chiefly contain 

TANNIN ? 

How may tannin be obtained ? 

What is the principle use of tannin ? 

How does tannin render leather impemous to water? 

COLOURING MATTER. What is said of the colouring 
principle ? 

How have colours been divided in reference to their em- 
ployment in DYEING ? 

What do adjective colours require to fix them ? 

Whai is the intervening mbstance between the cloth and Uie 
colouring called ? 

FIXED OILS. In what parts of plants are fixed oils 
found ? 

JEToto are these oils obtained ? 

What changes do these oils undergo in the air ? 

What causes rancidity in oils ? 

What is the composition of the fixed oils ? 

VOLATILE OILS. How are the volatile oils obtain- 
ed ? 

Whai is the proper solvent /or these oils ? 

JWhat are their principal uses ? 

^J^hen these oils are adulterated with fixed oils how may the 
fraud be detected ? 



FERMENTATION. 

Def, Fermentation is a spontaneous commotion in a vege- 
tabh^ substance, by which its properties arc totally changed. 
551. There are several circumstances required, in or- 
der that fermentation may proceed, viz. u certain de- 
gree of fluidity, a certain degree of heat which is be- 
tween 5by and 65, of Faht., and a saccharine mucilage, 
which must be in considerable quantity. When these 
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conditions are anited, the spirituotts or vinous fermentation 
takes place, and is attended by the following phenomena* 
A brisk jntestine motion, with the escape of carbonic 
acid gas ; the transparency of the fluid being diminished 
by the rising of opake filaments, at the same time a con- 
siderable degree of heat is generated. All these phe- 
nomena, gradually cease in proportion as the liquor loses 
its sweet and mild taste, and as, it becomes brisk, pene- 
tratittgy and capable of producing intoxication. 

Obi, After a vegetable solution has underg[one th^ mruntt 
fermentation, as above described, and by which beer, wine, 
cider, &c. are formed, it proceeds on to the aceious (ernaenta- 
tion. During this latter process, there is bo commotion nor 
extrication of any kind of gas, but on the contrary, oxifffen is 
absorbed from the atmosphere, so that for the m^king^of viae- 
gar, the air is absolutely necessarv. 

552. The principal substance concerned in the vinous 
fermentation is sugar ; and no vegetable juice can be made 

t to undergo the process, which does not contain it in very 
sensible quantity. In the production of beer, the sugar 
is derived from the malt, the farinaceous being conver- 
ted into sacchwrvue matter, by the process of malting. 
In the production of wine the sugar is derived from tho 
juice of the grape. 

553. After a vegetable solution has passed through the 
vinous fermentation it is found to have lost a part of its 
specific gravity, and to have acquired a new flavour, and 
a new power, viz. that of producing intoxication. These 
new properties depend on the alcohol formed by the fer- 
mentative process. 

Obs. Any fermented liquor by distillation affords a spiritumts 
liquor, brandy is obtained by the distillation of wine. Rnm 
is obtained from the fermented juice of the sugar cane. Oin 
from ferm<»T>ted rve, &c. 

554. When any of these spirituous liquors are re-distil- 
Icd, alcohol or spirits of wine is obtained. 

Ob9. It has been a subject of controversy, whether the alco^ 
hol which is obtained by the distillation of fermented liquors. 
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eicisted ready funned in those liquors, or whether it was actu- 
ally produced during the process of distillation. This ques- 
tion, Mr. Brande has settled beyond further dispute, by show- 
ing" that alcohol can be separated from fermented liquors, 
without the aid of beat or distillation. 

ALCOHOL. 

555. When a fermented-liquor is distilled, there is ob- 
tained a quantity of alcohol, but always aiixed witli wa- 
ter, and impregnated with a small portion of essential 
oil, which gives it a flavour peculiar to the vegetable 
which formed the fermentative solution. Thus brandy y 
rujUy and gin, each have a taste and smell peculiar to 
themselves. These are called spirituous liquors. 

556, When a spirituous liquor is distilled, the alcohol 
is obtained in a state of much greater purity, the oil which 
gives the flavour, and most of the water being left in the 
retort. 

* 557* Alcohol is a colourless liquid, considerably light- 
er than water, being in the proportion of 800 to 1000. — 
It has considerable odour, and a penetrating taste ; is 
highly inflammable ; remarkably expansible by heat, and 
unites chemically with water. 

Obs. The Oame of alcohol acquires a red colour on mixing 
it with a hltle muiiate of Ume ; a deep blood red from muri- 
ate of strontites, and a greeo from biracic acid. 

558. Alcohol has never been frozen, although expo- 
sed to the lowest temperatures which has been produced 
by art, 

559. It is a powerful solvent. It disolves camphor, 
resins, soap, volatile oils, sugar, balsams, several of the 
solid acids, &c. 

560. Alcohol, according to the analysis of Saussure, 
is composed of carbon 5 1.9S; oxygen 34.32, and hy- 
drogen 13.70 = 100. 

Obs. Alcohol, when pure, is exactly the same, from what- 
ever kind of spirit it is distilled. The intoxicating effects of 

19 ♦ 
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all kinds of distill^, and fermented liquors depend on the al- 
cohol they contaia. 

ETHER. 

561. Ether is an extremely light, fragrant and volatile 
fluid, produced by the distillation of alcohol with an acid. 

Obs, There are several kinds of ether, all agreeing in the 
above general qualities, but difiering in respect to flavour, 
specific gravity, and some other properties. This difference 
dep nds oo the acid . with whicih toe aloohol is distilled. 

562. Sulphuric ether is prepared by the disttUatioD of 
sulphuric acid and alcohol. 

Exp. Pour into a tubulated retort, a certain quantity of 
alcohol, by weight, and add to it in small portions at a time, 
the same weight of concentrated sulphuric acid, allowing 
time for the mixture to cool after each addjitton« Let the re- 
tort be placed in a sand bath, previously heated ^ 900 de- 
grees, and coonect it with a tubulated receiver, by means of 
an adopter. The receiver must be kept cold by means of 
moistened cloths. As soon as the mixture begins to boil, 
ether is produced, ana passes over into the receiver. The. 
ebulition is to be cootinued until white vapours appear in the 
receiver, or a sulphurous smell is perceived, and then the re- 
ceiver is to be removed. The ether will be found to have a 
sulphurous smell. To purify it, mix with it a small quantity 
of black oxide of manganese, and* a quantity of water, and 
distil again. Sulphuric ether, in a tolerable state of purity, 
will be thus obtaiped. 

563. Sulphuric ether is extremely volatile, and by its 
evaporation produces cold. 

Illtts. A few drpps poured on the hand produces a sensa- 
tion like a piece of ice. If a small stream of it be poured 
from a capillary tube, on the bulb of a thermometer filled 
with water, the water will be frozen even in sammer. 
Obs. 1. Ether does not, like alcohol, combine with water, but 
if the two fluids be shaken together, the ether soon separates 
and rises to the top. 

2. By repeated a^tation with water, ether is brought to a 
great degree of punty, and acquires the property of distolvii^ 
1 ndia rubber. 
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3. It dissohres essential oils and resins. It also dissolres a 
a small portion of phosphorus, which, when poured on warm 
water, emits a lambent blue flame. 

4. When kept for a loog^ time in a bottle oidy pastly fifled, 
and freauently opened, sulpbaric «ther undergoes a sponta- 
neouB cnan^. It becomes acid in consequence of the pro- 
duction of vinegar, and loses somewhat of its sweet odour and 
Tolatility. 

Sulphuiic is composed of carbon 67.08 ; oxysgieii 17j62; 
hydrosTPn 14.40 =s 100. 

564. Nitric ether is prepaped by the dMtlUntion of al» 
cohol and nitric acid. 

///itf . To two pints of alcohol contained m a retort, add by 
degrees, half a pound of nitric acid, cooling the retort after 
each addition. Then distil by a heat cautiously regulated, 
about a pint and a half. It must be purified by adding to it 
some polash and n^istilling. 

CauHon. Great care must be taken not to add too much 
of the acid at' a time, nor to apply the heat too* fast ; in either 
caseadansreroufi explosion would ensue. 

^65. Nitric ether is of a yellowish colour. It has an 
excessively pungent odour, so that its inhalation into the 
nostrils produces giddiness. Its taste is acid and burn* 
ing. Like sulphuric ether, its evaporation produces cold. 
It 18 extremely inflammable, and burns with a white 
flame. It is composed of carbon, hydrogen, nitrogen, 
and oxygen. 

Ob». The others are the murialie ethdr^ the ehioric eiher^ 
aceUs ether, benzoic ether, '^^c 

QUESTIONS ON FERMENTATION. Iec. 

What is FEftiHczvTATJoif I Define the term. 
What co?(DiTiONS are necessary for this process ? 
What are the phenomena attending vinow/ermentaiion ? 
What GAS is OENEitATED and mues its escape during tha 
process ? 
What is the paiNciPAL substahcb conceined in vinous 

FERMENTATION ? 

Jbi the gnvthiiUion€fieer9y)h9rt does 4h€ msgw'eomefhm? 
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What ehangea doesfermeaUUi4)n produce on thefermented li- 
quor? 

What is said coDcerning the production of alcoso^ bj 

. DISTILLATION ? 

What gives the peculiar flavour to distilled spirits ? 
How is ALCOHOL obtained ? 
What is the composition of alcohol ? 
ETHER. How is ether procured ? 
How do the various ethers differ from each other ; and on 
what does this difference depend? 
How is sulphuric ether obtained ? 
What are the quAlit^ies of sulphuric ether ? 
What is the composition of sulphuric ether ? 
How is NITRIC ether prepared <* 
What are some of the qualities of nitric ether? 
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566. If a piece of sealing wax or glass be rubbed 
with the dry hand, or with dry flannel, the wax or glass 
and the cloth, beconae capable of attracting and repelling 
snmall light bodies. In these cases the substances are 
said to be in a state of electricctl excitement. 

lUus, Make two balls of pith, or cork, about the size of peas, 
and suspend them with silken threads. If now a stick of seal- 
ixk^ wax, or glass be rubbed with fur or iannel, and the seal- 
ing wax be made to touch the cork balls, they will repel each 
other, but if one of the balls be touched with the wax, and the 
other wiih the fur, or flannel, they attraet each other. 

Obs, This experiment shows that when bodies are electri- 
fied alike, or are in the same state of electrical excitement, 
they repel each other, but that when they are in opposite elec- 
taijcal states, they attract each other. 

567. Some bodies permit electricity to pass through 
their substance, and for this reason they are called con" 
ductors. Others only receive it upon the spot touched, 
and are called non-condtcctors. 

Obs. 1. The conductors of electricity are called non-c^- 
triet because they cannot be excited by friction ; or, in other 



words no difference can be observ^ed in their electrical states 
on rubbiog them. 

The non-coDdi]ctor», oh tb* Ctwrtf aty aSre ehttriksy <k ac- 
quire the povrer of attraction and repuistoa by being rubbed. 

2. AH the metals, with the exception of selenium, are per*- 
feet conductors. Water, steam, damp ^ood, damp air, alco- 
hol, melted wax charcoal, and many other substances are im- 
peHect conductors. 

3. Dry &ir, sealing wax, solid bees wai, glass, rdhin, fiir, 
silk, wool, and some other substances are non-conductors. 

4. Any of the non-conductoi-s ad^it of electrical excitls*> 
ment by friction. . 

568. When one p^rt of a body, or system of foodies i^ 
in the positive state, the other part or system is invaria- 
bly in the negative state. 

Iilm, If one end of a stick of sealing wax, or one side of a 
plate of glass be robbed with a piece of silk or fur, and the 
two sides or ends be successive!? presented to two separate^ 
excited balls, one of the balls will be repelled, and the other 
attracted ; and if the silk or fur be presented to the ball it 
will always indicate a contrary state to the substance ^ith 
which it was rubbed. 

Oks. The positive and negative electrical states, consbt 
merely in the accumulation, or absence of the electric fluid. 
Thns if a body, or any part of a body has more than its ordina- 
ry share of electricity, it is said to be in the positive state ; if 
it hfts les;;, it is in the negative state. 

569. When any conductor is wholly aurrounded by 
non«conductorSy it is said to be insulated^ 

If las'. The human body is a conductor; btit if a pex^oa 
stand on a cake of wax, or a board set on glass bottles, mad ia 
that state is el(^ctrified, another person staoding on thegroivid 
wi'i receive as ockoa touching him. 

570. When an insulated conducting body coDtama 
more or less of the electric fluid than its ordioarv sharV) 
or when one side of an electric cootains ttiore of th« flil*' 
id than the other, in this state such bodiea ar6 said to b% 
charged, 

Obs. VVhcn the electricity passes from a negative to a posi* 
tive surface, if this passage is made through an aaimal, it 
produces an affection of the nerves called an eUdrvtshatk. 
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GALVANIC ELECTRICITY. 

571 -. There are other sources of electricity besides 
those mentioned above. Animal substances, charceal, 
the metals, and some other substances, when arranged in 
a certain order are capable of exhibiting electrical pheno- 
mena. 

In the year 1791, Galvani, an Italian professor, first ob- 
served some phenomena which laid the foundation for the 
science of galvanism. Being engaged in a course of experi- 
ments on animal irritibality, he accidentally observed that 
contractions were excited in the limbs of a frog by applying a 
conductor between a nerve and a musole. The theorj' he 
framed to account for this phenomenon, was, that the differ- 
ent parts of an animal are in opposite states of electricity, and 
that the effect of the metal is merely to restore the equilibri- 
um. Tliis theory, however, was auerwards shown by Volta, 
to be without foundation, who excited similar conlractioos 
by making a connection between two parts of a nerve, be- 
tween two muscles, or between two parts of tlie same muscle, 
but in all these cases the contact of two different metals were 
always found to be essential. 

From the time of Galvani's discovery, philosophers con- 
tinued to make experiments on this subject, and to discuss the 
cause of these phenomena, until early in the ye^ 1800, Sig- 
nior Volta, discovered what has since been called the galva- 
nic pile. From this period discoveries have multiplied' on 
this subject, in a manner unpai-alleled in the history of any 
other science. 

572. The conditions necessary to excite the galvanic 
influence are altogether different from those which ex- 
cite common electricity. 

• Illus. Electricity is excited whenever two dry electrics, 
or non-conducting surfaces are rubbed together. In the gal- 
vanic excitation, such substances as are called electrics have 
no share in the phenomena. All that is required is the con- 
tact of rfi/f<?rcnf conducting bodies with each other. These 
conducting bodies must be placed in a certain relation to 
each other, so that they will form a circle or series of con- 
ductors. 
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573. A simple galvanic series consists of tbree con* « 
ductors, two of which must be of one class, and one of 
another class. 

Exp. Take a piece of silver, as a dollar, and place it upon 
the tongue ; take also a piece of zinc and place this under the 
tongue, both pieces must touch the tongue, but not each other. 
In this state no sensation is excited, but on bringing theoi 
in contact, there will be excited a peculiar saltish, or metal- 
lic taste ; and if the eyes are shut there will be perceired a 
small flash of light. 

Obg. In this experiment we have an example of galvanic 
arrangement, and of a slight galvanic action. The two metals 
are two perfect conductors, and the tongue or rather the mois- 
ture on it one imperfect conductor. The metallic taste is 
owing to galvanic action. 

574. It is by an extension of this principle, and by 
multiplying the series that powerful galvanic effects are 
produced. 

IHm, The galvanic pile, or pile of Volta is made on this 
principle. 

Take a convenient number, say twelve plates of copper, and 
the same number of pieces of zinc; they may be two inches in 
diameter and the tenth of an inch thick ; take also the same 
number of pieces of woolen cloth of the same diameter ; pile 
these up in a frame made of three glass rods supported by two 
end piftces of wood, in the following order. First a piece of 
copper, then one of zinc, and then a piece of cloth wetted in a 
solution of muriate of ammonia in water, then a plate of cop- 
per, and so on ending with the zinc. Fig. 34, 
represents such a pile, a 6, are the glass rods, and 
e z the pieces of wood. Such a series affords a 
constant stream of the gahaaic fluid, but is most 
powerful immediately after it is completed, or 
before the plates have become oxidated. A pile 
composed of two dozen plates of two inches di- 
ameter, when first constructed will give a small 
shock, which is not commonly felt nigher than 
^ the elbows when taken by the hands. The 
• mode of receiving the shock is to wet the hands 
and placing one of them on the plate of copper, 
or zinc at one end of the pUe, touch that at the opposite end 
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- with Hm other Knml, of to toaeh the two end plates with wires 
JbeU i« e^pb l^^ncl-k the bands boit^ wet. 

b7^» The galvanic influence is extricated odI> on con- 
4iti9a9 that one of the roetajls employed in coDstructing 
lite series be more easily oxidated than the other. 

O&s. The galvaoic pile may be made of aa^ t>\ o metals, 
one of which, haa a &troog*er affinity for oxyg«n thao the otb- 
w^ ard the positive side u always thai on which tlie mos! ox- 
idable Qieti|l is placed. Tkns in the directions above gi^- n 
for constructing the pile, the upper end would be the positive 
because it terminates with a zinc plate, zinc being more oxi- 
dable than copper. 

576w Any metal, except that which is the least oxida- 
ble of all, may be made the positive, or negative side by 
beiog plac^ ia contact with one.^ morq or less oxidable 
^an itself. 

niv^. Copper, when placed with zinc is always negative, 
but when in contact witn silver, or gold, it is positive. 

06f. The greatest effect is produced by placing together 
^fae mo:>t oxidable metal, with tliat which is least so, as sine 
Md platitia. 

yf7. In the construction of a galvanic series, the plates 
must be so arranged that an accumulation of power is 
constantly effected through the whole. Thus the pow- 
er of the first pair of plates as it passes through the series 
is doubled at the second, trebled at the third, and so in- 
creasing in proportion to the number of double plates. 

Illus, In the voltaic pile, the fhiid is conductec^ fttwn one 
pair of plates to the other by the water contained ia the wool- 
^ len cloths. 

578. This piincipKe may be so modified as to dispense 
with the cloths, while the water is retained, and as such 
an arrangement possesses several advantagesi q»^ the 
pile it is now generally adopted. 
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Ulus. For this purpose 
' square plates of copper 
and zinc, previously sol- 
dered together, are plac- 
ed in g^rooves cut opposite 
to each other in a long*, 
narrow wooden trough. 
These are o«cTieiited in their places, so^as to make each cell wa- 
ter tight. This is called z galvanic trough ; see fig. 35, where 
A. B. is the trough made of baked wood, four inches broad 
and as many deep ; w w are wire conductors fastened to the 
end plates, or merely dipped into the cells ; a a are glass 
tubes, through which the wires pass, so as to handle them 
without receiviog the shock ; v is a' plate of glass on which 
the subject of experiment is laid. One of these troughs con- 
taining 24 or 30 four inch double plates, will show many 
amusing and some striking experiments. When it is to be 
used, the cells formed by the plates are filled with water con- 
taining in solution a few ounces of common talt or sal am- 
moniac, or made slightly sour by nitric or muriatic acid. If 
the water is made warm, the action will be much increased. 
After the trough is filled with water, it is proper to wipe its 
edge, and those of the plates dry, and also to observe that it 
does not leak, otherwise the galvanic fluid will be conducted 
off. The shock may be taken, by dipping a finger of each 
hand into the water at the ends of the troug^i. When it is 
required to pass the fluid through a particular part, place a 
piece of wet rag on the two opposite points, and touch them 
with the wire conductors. 

379. Another mode of constructing the galvanic ap- 

fiaratus, is by arranging a row of glasses containing so- 
ution of common salt in water, or dilute sulphuric, mu- 
riatic, or nitric acid, and the two metals. 

lUus. In each of these glasses are placed a plate of silver 
or copper, and one of ziuc, not touching each other, but 
so connjBcted by metallic wires, that the zinc of the first cup 
may communicate with the copper of the second ; the zinc 
of tlie second witl) the copper of the third ; and so throu^- 
out the series, except in the two outside cups, which eontain 
only a plate each, one of copper, and the other of zipc^ as 
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fy^ represented in fig. 36, where a aa 

are the glasses, z zinc, x copper, and 
w w the wires which connect the cop- 
per and zinc plates. The shock is 
felt by dipping a finger of each band 
into the two outside glasses. The 
superiority of this mode of arrange- 
ment over that of the common trough, consists in the ex- 
posure of both surfaces of tlie plates to the action of the li- 
quid; whereas, by soldering the plates together, one of the 
surfaces of each is protected from the liquid, and contributes 
nothing to the e^ect. Some improvements have, however, 
been lately made in the construction of the trough, which is 
said. greatly to increase its power. Two plates of copper are 
placed ^in each cell on each side of the plate of zinc, so that 
both surfaces, of the zinc plates are acted on by the liquid. 
'J*his is said to increase the power of a battery one half. 

580. Whenever it is inquired to increase the power 
of a galvanic battery above that of a common trough, 
this is done by connecting many troughs together by a 
wire' passing from the/zinc end of one, to the copper end 
of the other. The two ends of this chain of troughs are 
then connected, and the circuit completed at pleasure by 
two wires fastened to the first and last troughs. In this 
manner batteries of immense power have been construc- 
ted. 

lilw: The celebrated one, belonging to the Hoyal Institu- 
tion of Great-Britian, is the most powerful that has yet exist- 
ed. Its effects are indeed surprising. It fconsists of two hun- 
dred porcelain troughs, each containing ten cells, and ten 
double plates; so that the whole number of double plates is 
two thousand ; and as each plate contains thirty two square 
inchei, the whole surface amounts to 128,000 square inches. 
This battery, when the cells were filled with 60 parts of wa- 
ter mixed with one part of nitric acid, and one part of sul- 
phuric acid, afforded a series of brilliant and impressive ef- 
fects. When pieces of charcoal about an inch long, and one 
sixth of an inch in diameter, were brought within, the circuit 
and near each other, a bright spark was produced, and more 
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tlian half the volume of the charcoal hecame ignited .to white- 
ness, and by withdrawing the points from each other, a con- 
stant discharge took place through the heated air, in a space 
equal at least to four inches, producing a most brilUant as- 
cending arch of light, broad, and conical in form, in the 
middle. When any substance was introduced into this arch, 
it instantly became ignited ; platina melted as readily as wax 
in the flame of a common candle; quartz, the sapphire, m^jg" 
nesia, and lime, all entered into fusion; fragments of dia^ 
mond, and points of charcoal and plumbago, rapidily disap* 
peared and seemed to evaporate in it. — (Davt/.) 

QUESTIONS ON ELECTRO-CHEMISTRY. 

When will two electrified pith balls repel, and when 
will they attract each other ? 

What is the difference between conductors a.nd non-con- 
DUCTORs of electricity ? 

What is the difference between electrics and non- 

JELECTRICS ? 

What substances are conductors and what are non-condtictors 
of electricity ? 

When two electrics are rubbed together, what is the 
DIFFERENCE in their electrical states ? 

In what do the positive and negative electrical slates eonsUt 7 

When is a conductor said to be insulated ? 
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What are the substances cap?ble of exhibiting galvanic 

PHENOMENA ? 

What difference is there between the conditions ne- 
cessary to excite common electricity, and those necessa- 
ry to excite galvanism? 

In the experiment with the two metals and the tongue^ what 
galvanic principles are involved ? 

Describe a galvanic pile and explain the principles of 
its action ? 

In what respects must two metals differ, as a necessa- 
ry condition to the extrication of the galvanic power ? 
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How mmf the same metal be made the positive or ne^iUe 
side respectively 7 

What serves as a conductor of the g^vanic power from 
plate to plate in the voltaic pile? 

Describe the construction of the galvanic trough, and explain 
iis principles of action ? 

how may a galvanic battery be eonstruded by means of glas- 
ses and plates of metal ? 
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AcMLes, Com})ounds formed by the combinations of a base 
with acetic acid. 

Acids, Compounds formed by the combination of oxygen 
with certain elementary bodies, forming in general a 
class of substances which are sour to the toste, and 
which unite with alkalies, and metallic oxides to form 
salts. 

Aeriform fluids. Elastic fluids. Atmospheric air, and the 
gases are of tliis kind. Their aenform state is owing 
to the caloric with which their bases are combined. 

Affinity y chemical. A term used to express that peculiar pro> 
pensity which substances of different kinds hare to 
unite with each other, as acids, and alkalies, &c. 

<if f^gf^ff^^^' That force is- so called by which sab- 
stances of the same kind tend to unite, without cfaang- 
ing their qualities. 

of composition. That force by which substances of 

different kinds combine, and form a third, which dif- 
fers from eitlicr of the two first, before the combina- 
tion. Thus muriatic acid and soda form common salt. 

Albumen. Coagulable lymph. It is contained in animal sub- 
stances, as the serum of the blood. The white of eggs 
is albumen. 

AlcolioL Rectified spirit of wine. It is alwavB the same, 
from whatever kind of spirit it is distilled. 
20* 
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Alkalies. Peculiar substances which have a caustic burniDg* 

taste, and a stiong tendency to combination, paiticu- 

larly with acids, and with water. 
Alloys* A combination of any two metals, except mercury. 

Brass is ao alloy of copper and zinc. 
Amalgam. A mixture of mercui-y with any other oietal. 
Analysis. Separation of the constituent parts of compouDds, 

for the purpose of detecting their composition. This 

is done by re-agents. 
AnnecUing* Rendering substances tough, which before were 

brittle. The metals are annealed by heating them red 

hot, and then cooling them gradually. 
Araeniates. Salts formed by the combination of a base with 

the arsenic acid. 
Azote. This name is given by the French chemists to nUro- 

gen, which see. '^ 

B 

Bafya^i^. Certaitl aromatic resinous substances, which are 
obtained from some trees by incisions. Of this kind 

f afe the Canada balsam, the balsam of Copavia, the 

balsam of Tohi, &c. 

Barometer. An instrument which shows the variation of 
the pressure of the atmosphere, by the rise or fall of 
a column of mercury in a glass tube attached to a 
graduated plate. 

Base. A chemical term, usually applied to denote the earth, 
the alkali, or the metal which is combined with an 
acid to form a salt. 

Batfts. Vessels for distillation or digestion, contrived to 
transmit liraf c^raHually and regularly. 

sand. Ve&sels filled in part with dry sand, in which . 

those retorts are placed which require a greater heat 
than can be pfiven by boiling water. In large works, 
iron plates are used instead of vessels of capacity. 
They are often called sand heats. 

— — water. Vessels of boiling water, in which other ves- 
sels containing the matters to be distilled or digested 
are placed, in order that the same heat may be kept 
up throughout the whole of any particular process. 

Benzoatefi. Salts formed by the combination ot any base 
with the benzoic acid. 
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JBlcw^pe. An instrnment to increase and direct the flame 
of a lamp for the analysis of minerals, and for other 
chemical purposes. 

JBoraies. Salts formed by the combination of any base with 
the acid of borax. 

C. 

CkdtaremjLs, A chemical terra formerly applied to describe 
chalk, marble, and all other combinations of lime with 
carbonic acid. 
Calorie. The chemical term for the matter of heat. 

free. Is caloric in a separate state, or, if attached 

to other substances, not chemically united with them. 
latent. Is the term made use of to express that por- 
tion of caloric which is chemically united to any sub- 
stance, so as to become a part of the said substance. 

Camphorates, Salts formed by the combination of any base 
with the camphoric acid. 

Capillary. A term usually applied to the rise of tlie sap 
in vegetables, or the rise of any fluid in very small 
tubes ; owing to a peculiar kind of attraction, called 
capillary attraction. 

Carbon. The basis of charcoal. 

Carbonates. Salts formed by the combination of any base 
with carbonic acid. 

Carburets*. Compound substances, of which carbon forms 
one of its constituent parts. Thus plumbago, which 
is composed of carbon and iron, is called carburet of 
iron. 

Chareoal. Wood burnt in close vessels : it is an oxide of car- 
bon, and generally contains a small portion of salts and 
earth. Its carbonaceous matter may be converted by 
combustion into carbonic acid gas. 

Chlorine. A name lately given to the substance usually cal- 
led oxy muriatic acid. 

Chlorates. Salts formed by the union of the chloric acid 
with the salifiable bases, t 

Chromates. Salta formed by the combination of any base 
with the chromic acid. 

Citrates. Salts formed by the combination of any base with 
citric acid. 

Co(d» A terra applied to the residam of any dry distillation 
of anim al or vegetable matters. 
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Cohesion. A force inherent io all the particles of all the-sub- 
stances, excepting light and caloric, which prevents 
bodies from falling in pieces. 

Columbales. Salts formed by the combination of any base 
with the columbic acid. 

Combination* A term expressive of a true chemical union of 
two or more substances ; in opposition to mere me- 
chanical mixture. 

Combustibles, Certain substances which are capaple of com- 
bining more or less rapidly with oxygen. They are 
divided by chemists into simple and compound com- 
bustibles. 

Combustion. The act of absorption of oxvgen by combusti- 
ble bodies from atmospheric or vital air. 

Crystallization. An operation of nature, in which various 
earths,, salts, and m^lallic substances, pass from a 
fluid to a solid state, assuming certain determinate ge- 
ometrical figures. 

— — — — wcUer of. That portion which is combined 
with salts in the act'of crystallizing, and becomes a 
- component part of the said saline substances. 

D. 

Decomposition. The separation of the constituent principles 
of compound bodies by chemical means. 

Deflagration. The vivid combustion that is produced when- 
ever nitre, mixed with an inflammable substance, is 
exposed to a red heat. It may be attributed to the 
extrication of oxygen from the nitre, and its being 
transferred to the inflammable body ; as any of the 
nitrates or oxygenized muriates will produce the same 
effect. 

Deliquescence of solid saline bodies, signifies their becoming 
moist, or liquid, by means of water which they absorb 
from the atmosphere in consequence of their great 
attraction for that fluid. 

Deoxidize. To deprive a body of oxygen. 

Detonation. An explosion with noise. It is most commonly 
applied to the explosion of nitre when thrown upon 
heated charcoal. 

Digestion. The effect produced by the continued soaking of 
a solid substance in a liquid, with the application of 
heat. 
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UisiiliaHon. A process for separating the volatile parts of a 
substance from the more fixed, and preserving them 
both in a state of separation. 

Ductility. A quality of certain bodies, in consequence of 
which they may be drawn out to a certain length with- 
out fracture. 



E. 

JEJdtUotorntion, Expressive of the purification of a substance 
by washing with water. 

JSffervescence. An intestine motion which takes place in cer- 
tain bodies, occasioned by the sudden escape of a gas- 
eous substance. 

JEjffloreseenee. A term commonly applied to those saline crys- 
tals which become pulverulent on exposure to the air, 
in consequence of the loss of a part of the water of 
crystallization. 

Elaatieity* A force in bodies, by which they endeavour to 
restore themselves to the posture from whence they 
were displaced by an external force. 

Ekutie fluids. A name sometimes given to vapours and gas- 
es. Vapour is called an elastic fluid ; gas, a pet ma- 
nentlyel^tic fluid. 

ElemenU. The simnle, constituent parts of bodies which are 
incapable of aecomposition ; they are frequently called 
principles. See Simple Sttbstancet. 

Empyreuma, A peculiar and indescribably disagreeable 
smeU, arising from the burning of animal and veget- 
able matter in close vessels. 

Ethers, Volatile liquids formed by the distillation of some 
of the acids with alcohol. 

Evaporation, The conversion of fluids into yapour by heat. 
This appears to be nothing more than a gradual solu- 
tion of the aqueous particles in atmospheric air, ow- 
ing to the chemical attraction of the latter for water. 

Eudiometer. An instrument invented by Dr. Priestley for 
determining the purity of any given portion of atmos- 
pheric air. Tlie science of investigating the different 
kinds of gases is called eudiometry. 
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Fermentation. A peculiar spontaneous motion, which takes 
place in all v^egetable matter when exposed for a cer- 
tain time to a proper deg'ree of temperature. 

Fihrine, That white fibrous substance which is left after 
freely washing the coagulum of the blood, and which 
chiedy composes the muscular fibre. 

Fhwers, In chemical languag^e, are solid dry substances 
reduced to a powder by sublimation. Thu»^we have 
flowers of arsenic, of sal ammoniac, of sulphur, &c. 
which are arsienic, sal ammoniac, and sulphur unaiter- 
ed except in appearance. 

MtuUet, Salts formed by the combination of any base with 
fluoric acid. 

FitddUy. A term applied to all liquid substances. Solids 
are conyerted to fluids by combining with a certain 
portion of caloric. 

Flux. A substance which is mixed with metallic ore, or 
other bodies to promote their fusion ; as ,an alkali is 
mixed with silex, in order to form glass. 

FulminatuM, Thundering or explosion with noise. We have 
fulminating silver, fulminating gold, and other fulmina- 
ting powders, which explode with a loud report, by 
friction, or when slightly heated. 

Fu»ion. The state of a bc3y which was solid in the temper- 
ature of the atmosphere, and is now rendered fluid by 
the artificial application of heat. 

G. 

GaUaJtes. Salts formed by the combination ef any base with 
^lic aoid. 

Galwmism. A new science which ofiers a variety of phe- 
nomena, resulting from different conductors of elec- 
tricity, placed in different circumstances of contact. 

Oas, Ail solid substances, when converted into permauent- 
■ ly elastic fluids by caloric, are called gases. 

Oaseous. Having the nature and properties of gas. 

GasoTneter, A name given to a variety of utensils and ap- 
paratus contrived to measure, collect, preserve, or 
mix the diflerent gases. An apparatus of this kind is 
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also used for the purpose of admiuisteriDg^ pneumatic 
medicines. X 

Gelatine, A chemical term for animal gelly. It exists par- 
ticularly in the tendons and the skin of animals. 

Gluten. A vegetable substance somewhat similar to animal 
gelatine. It is the gluten in wheat Hour which gives 
it the property of making good bread, and adhesive 
paste. Otner grain contains a much less quantity of 
this nutritious substance. 

Graifk, The tmallett weight made use of by chemical writers. 
Twenty grains make a scruple ; 3 scruples a drachm - 
8 drachms, or 480 grains, make an ounce ; 12 ounces, 
or 5760 grains, a f>ound troy. The advoirdupou pound 
contains 7000 grains. 

Granulation, The operation of pouring a melted metal into 
. water, in order to divide it into small particles for 
chemical purposes. Tin is thus granulated by the dy- 
ers before it is dissolved in the proper acid. 

Grcmty specific. This differs from absolute gravity in as 
much as it is the weight of a given measure of any solid 
or fluid body, compared with the tame measure of dis- 
tilled water. It is generally expressed by decimals. 

Gum3, Mucilaginous exudations from certain trees. Gum 
consists of lime, carbon, oxygen, hydrogen, and nitro- 
gen, with a little phosphoric acid. 

H. 

J/eaf, matter of. See Caloric. 

UetTnelically, A term applied to the closing of the orifice 
of a glass lube, so as to render it air-tight. Hermes, 
or Mercury, was formerly supposed to have been the 
inventor of chemistry ; hence a tube which was closed 
for chemical purposes, was said to be Hermetically or 
chemically sealed. It is usually done by melting the 
end of the tube by means of a blow-pipe. 

Hydrogen. A simple substance.; one or the constituent 
parts of water. 

■ g<u. Solid hydrogen united with a large portion of 

caloric. It is the lightest of all the known gases. 
Hence it is used to inflate balloons. It was formealy 
called inflammable air* 
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Hydro-Carbonates. Combinations of carbon with hjdrog'en 
, are described by this term. Hydit)-carboiiate gas ia 

procured from moistened charcoal bj distillation. ' 
Hifdrogenized Bulphnrets* Certain bases combined i^ith sol- 

phurretted hydrogen. 
Hydro-Oafydea. Metallic oxides combined with water. 
Hydromelert, Instruments for ascertaining the specific grav- 

iiy of spirituous liquors or other fluids. 
Hygrometert. Instruments for ascertaining the degree of 

moisture in atmospheric air. 
Hyperoxygenized. A term applied to substances which are 

combined with the largest possible quantity of oxygen. 

We have muriatic acid, oxygenized muriatic acid, 

and hyperoxygenized muriatic acid. The latter can 

be exhibited only in combination. 



fnJlammcUwn. A phenomenon which takes place on mixing 
certain substances. The mixture of oil of turpentine 
with strong nitrous acid, is an instance of this peculiar 
cliemical effect. 

Infuiion. A simple operation to procure the salts, juices, 
and other virtues of vegetables by means of water. 

Intermediates* A term made use of when speaking of chem- 
ical affinity. Oil, for example, has no affinity for wa- 
ter unless it be previously combined with an alkali ; 
it then becomes soap, and the alkali is said to be the 
intermedium which occasions the union. 

K. 

Kali A genus of marine plants which is burnt to procure 
mineral alkali by afterwards lixiviating the ashes. 

L. 

LcUforaloty. A room fitted up with apparatus for the per- 
formance of chemical operations. 

Lactates, Salts formed by the combination of any base with 
lactic acid. 

Lakes. Certain colours made by combining the colouring 
matter of cochineal, or of certain v«getables, with 
pure alumine, or with oxide of tin, zinc, &c. 
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J^amp, Arg<md*a. A kind of lamp much used for chemical 
experiments, k is made on the principle of a wind 
furnace, and thus produces a great degree of light 
and heat without smoke. 
Lens. A glass, convex on hotb sides, for concentrating the 
rays of the sun. It is employed by chemists in fusing 
refractor]i[ substances which cannot be operated upon 
hy an ordinary degree of heat. 

L^evigation. The grinding down of hard substances to an im- 
palpable powder on a stone with a mailer, or in a mill 
adapted to the purpose. 

TAtharge. An oxide of lead which appears in a state of vit- 
rification. It is formed in the process of separating 
silver from lead. 

Ldximatum. The solution of an alkali or a salt in water, or 
in some other fluid, in order to form a lixivium. 

Lixiviitm, A fluid impregnated with an alkali or with a 
salt. 

lAtte, A composition for closing the junctures of chemical 
vessels to prevent the escape of gas or vapour in dis- 
tillation. 

M. 

^^laceraiion. The steeping of a solid bodv in a fluid in order 
to soften it, without impregnating the fluid. 

*Malat€s, Salts formed by the combination of any base with 
malic acid. 

J\iIaUeabiUiy, That property of metals which gives them the 
capacity of being extended and flattened by hammer- 
ing. It is probably occasioned by latent caloric. 

J^cusicoL A name giv.en to the yellow oxide of lead, as mini- 
um is applied to the red oxide. 

JifntroM, Another name for a bolt-head ; which see. 

Jiendruum, The fluid in which a sofid body is dissolved. 
Thus water is a menstruum of salts, gume, &c. and spint 
of wine for resins. 

Metallic Oxides. Metals combined with oxygen. By this 
process they are generally reduced to a pulverulent 
form ; are changed from combustible to incombustible 
substances ; and receive the property of being soluble 
in acids. 

21 
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Minercd, Any natural substance of a metallic, earthy, or sa- 
line nature, whether simple or compound, is deemed a 
mineral. 

Minercdizers. Tliose substances which are combined with 
metals in their ores ; such as sulphur, arsenic, oxygen, 
carbonic acid, &c. 

Mineraloffv. The science of fossils and miderals. - 

Mineral JraUn. Waters which bold some metal, earth, or 
salt, in solution. They are frequently termed Medi- 
cinal Waters. 

Molybdates. Salts formed by the combination of any base 
with the molybdic acid. 

Mordants. Substances which have a chemical affinity for 
particular colours ; they are employed by dyers as a 
bond to unite the colour with the cloth intended to be 
dyed. Alum is of this class. 

Mtidlage^ A glutinous matter obtained from vegetables, 
transparent and tasteless, soluble in water, but not in 
spirit of wine. It chiefly consists of carbon and hy- 
drogen, with a little oxygen. 

Mueites, Salts formed by the combination of any base with 
the mucous acid. • 

Muffle. A semi-cylindrical utensil, resembling the tilt of a 
boat, made of baked clay ; its use is that of a cover to 
cupels in the assay furnace, to prevent the charcoal 
from falling upon the metal, or whatever is the subject 
of experiment. 

Muriates. Salts formed by the combination of any base with 
muriatic acid. 

N. 

J^Tatron, One of the names for mineral alkali, or soda. 

Neutralize. When two or more substances mutually dis- 
guise each other's properties, they are said to neutral- 
ize one another. • 

f^etdral Salt. A substance formed by the union of an acid 
with an alkali, an earth, or a metalHc oxide, in such 
proportions as to saturate both the base and the acid. 
J{iirates, Salts formed by the combination of any base 
with nitric acid. 

J^itrogen. A simple substance, by the French chemists call- 
ed azote. It entere into a variety of compounds, and 
forms more than three parts in four of atmospheric air. 
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Ochres. Various combinations of the earths with oxide, or 
carbonate of iron. 

Ores. Metallic earths, which frequently contain several ex- 
traneous matters ; such as sulphur, arsenic, &c. 

Oxalates. Salts formed by the combination oftany base with 
oxalic acid. 

Oxide. Any substance combined with oxygen, in a propor- 
tion not sufficient to produce acidity. 

Oxidize. To combine oxygen with a body without produc- 
ing acidity. 

Oxidizement. The'operation by which any substance is com- 
bined with oxygen, in a degree not sufficient to pro- 
duce acidity. 

Oxygen. A simple substance composing the greatest part of 
water, and part of atmospheric air. 

— ^as. Oxygen converted to a gaseous state by calo- 
ric* It is ako called vital air. It forms nearly one- 
fourth of atmospheric air. 

Oxygenize. To acidify a substance t>y oxygen. Synonymous 
I with Oxygenate ; but the former is the better ternt. 

Oxygenizement. The production of acidity by oxygen. 



Pellicle. A thin skin which forms on the surface of saline 
solutions and other liquors, when boiled down to a 
certain strength. 

Phosphates. Salts formed by the combination of any base 
with phosphoric acid. 

Phosphites. Salts formed by the combination of any base 
with phosphorous acid. 

Phosphurets. Substances formed by an union "vrith phospho- 
rus. Thus we have phosphuret of lime, phosphuretted 
hydrogen, &c. 

Plumb I go. Carburet of iron, or the hUtck lead of commerce. 

Pneumatje, Any thing relating to the airs and gases. 

trough. A vessel filled in part with water or mercury, 

for the purpose of collecting g^ases, so that they may 
be readily removed from one vessel to another. 

Precipitate. Any matter which, having been dissolve in a 
fltiid, falls to the bottom of the vessel on the addition of 
some other substance capable of producing a decom- 
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position of the compound, in consequence of its attrac- 
tion either for the menstruum, or for the matter which 
was before held in solution. 

Precipitation. That chemical process by which bodies dis- 
solved, mixed, or suspended in a fluid, are separated 
from that fluid, and made to gp^yitate to the bottom of 
the yeftel. 

PrussicUes. Salts formed by the combination of any base 
with prussic acid. 

Putrefaction. The last fermentatiye process of nature, by 
which orgfanized bodies are decomposed so as to separ- 
ate their principles, for the purpose of reuniting them 
by future attractions, in the production of new com- 
positions. 

Pyrites. An abundant mineral found on the English coasts, 
and elsewhere. Some are sulphurets of iron, and 
others sulphuretR of copper, with a portion of alumine 
and silex. The former are worked for the sake of the 
sulphur, and the latter for sulphur and copper. They 
are also called Marcasites and Fire-stone. 

martial.- That species of pyrites which contains iron 

for its basis. See a full account of these minerals in 
HenckePs Pjritologia. 

Pyrometer, An instrument invented by Mr. Wedgwood, for 
ascertaining the degrees of heat in furnaces and in- 
tense fires. 

Pyrophori. Compound substances which heat of themselves, 
and take fire on the admission of atmospheric air. 

Q. 

Quarte. A name given to a variety of siliceous earths, mix- 
ed with a small portion of lime or alumine. Mr. Kir- 
wan confines the term to the purer kind of silex. 
Rock crystal and the amethyst are species of quartz. 

R. 

Radicals. A chemical term for the Elements of bodies ; 
which see. 

■ compound. When the base of an acid is composed of 
two or more substances, it is said that the acid is form- 
ed of a compound radical. The sulphuric acid is form- 
ed with a simple radical ; but the vegetable acids, which 
have radicals composed of hydrogen and carbon, are 
said to be acids with compound radicals. 



OF CHEMICAL TERMS. j 

J^ctgmts, Substances which are added to mineral waC ^ 

other liquids as tests to discover their nature and coilr r - 
position. See Test* 

JEleeehers, Globular glass vessels adapted to retorts, for the 
purpose of preserving and condensing the volatile mat- 
ter raised in distillation. 

JRedificationy is nothing more than the re-distilling a liquid to 
render it more pure, or more concentrated, by ab- 
stracting a part of it only. 

jReduttion. The restoration of metallic oxides to their ori- 
ginal state of metals ; which is usually effected by 
means of charcoal and fluxes. 

Mefining. The process of separating the perfect metals from 
other metallic substances. 

Refrigeraiory, A contrivance o:' any kind, which, by con- 
taining cold water, answers the purpose of condensing 
the vapour or gas that arises in distillation. A worm- 
tub is a refrigeratory. 

Regulus. In its chemical acceptation, signifies a pure me- 
tallic substance, freed from all extraneous matters. 

Repulsion. A principle whereby the particles of bodies are 
prevented from coming mto actual contact. It is 
thought to be owing to calorie, which has been called 
the repulsive power. 

Jtesins, Vegetable juices concreted by evaporation either 
spontaneously or by fire. Their characteristic is solu- 
bility m alcohol, and not A water. It seems that they 
owe their solidity chiefly to their union with oxygen. 

Relort. A vessel in the shape of a pear, with its neck bent 
downwards, used in distillation; the extremity of 
which neck fits into that of another bottle called a re- 
ceiver. 

RocIc-Crt^staL Crystallized silcx. 

S. 

Baccltolates. Salts formed by IIjc combination of any base 

with saccholactic acid. 
^Salifiable Bases. All the metals, alkalies, and earths, which 

are capable of combining with acids, and fonning salts, 

are called salifiable basns. 
Valine. Partaking of t!ie properties of a salt. 
21 * 
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Salts neutral, A class of substances formed by the combina- 
tion to saturation of an acid with an alkali, an earth, 
or other salifiable bases. 

■ triple. Salts formed by the combination of an acid 

witn two bases or radicals. The tartrate of soda and 
potass (Rochelie salt) is an instance of this kind of com- 
bination. 

Saponaceous. A term applied to any substance which is of 
the nature or appearance of soap. 

Saturation. The act of Impregnating a fluid with another 
substance, till no more can be received or imbibed. 
A fluid which holds as much of any substance as it can 
dissolve, is said to be saturated with that substance. 
A solid may in the same way be saturated with a fluid. 

Sebates, Salts formed by the combination of any base with 
sebacic acid. 

Scmi'MetaL A name formerly given to those metals which, 
if exposed to the fire, are neither malleable, ductile, 
nor fixed. It is a term not used by modem chemists. 

Siliceous Earths. A term used to describe a variety of natur- 
al substances which are composed chiefly of silex; as 
quartz, flint, sand, &c. 

Simple Substances. Synonymous with Elements; which see. 

Smelting. The operation of fusing ores for the purpose of 
separating the metals they contain, from the sulphur 
and arsenic with which they are mineralized, and also 
from other heterogenOTUs matter. 

Soluti^. The perfect union of a solid substance with a flu- 
id. Salts dissolved in water are proper examples of 
solution. 

Spars. A name formerly given to various crystallized stones ; 
such as the fluor spar, the adamantine spar, &c. 
These natural substances are now distinguished by 
names which denote the nature of each. 

Stalactites. Certain concretions of calcareous earth found 
suspended like icicles in caverns. They are formed 
bjr the oozing of water, through the crevices, charged 
with this kind of earth. 

Steatites. A kind of stone composed of silex, iron, and mag- 
nesia. Also called French chalk, Spanish chalk, and 
soap-rock. 

Sub-Salts. Salts with less acid than is sufficient to ncnlral- 
ize their radicals. 
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Suberates. Salts formed by the combinatioD of any base with 
the suberic acid. 

Sublimation. A process whereby certain volatile substances 
are raised by heat, and again condensed by cold into 
a solid form. Flowers of sulphur are made in this way. 
The soot of our common fires is a familiar instance of 
this process. 

Surnnates. Salts formed by the combination of any base 
with the succinc acid. 

Sulphates. Salts formed by the combination of any base with 
tlie sulphuric acid. 

Sulphites. Salts formed by the combination of any base with 
the sulphurous acid. 

Sulphures^ or Sulphtirets. Combitiations of alkalies, or me- 
tals with sulphur. 

Sulphuretted. A substance is said to be sulphuretted when it 
is combined with sulphur. Thus we say Sulphuretted 
hydrog^en, &c. 

Super-Salts. Salts with an excess of acid, as the supertar- 
trate of potass. 

Synthesis. When a body is examined by dividing it into its 
component parts, it is called analysis ; but when we 
attempt to prove the nature of a substance by the un- 
ion of its principles, the operation is called synthesis. 

T. 

Tartrates. SaJ t s formed by the combination of any base with 
the acid of tartar. 

Temperature. The absolute quantity of free caloric which 
is attached to any body occasions the degree of tem- 
perature of that body. 

Test. That part of a cupel which is impregnated with li- 
thrage in the operation of refining' lead. It is also the 
name of whatever is employed in chemical experiments, 
to detect the several ingrediefits of any composition. 

Test-papers, PapeJ^ impregnated with certain chemical re- 
agents ; sucli as litmus, tumeric, radish, &c. The? are 
used to dip into fluids to asccrtam by a change or col- 
ours, the presence of acids and alkalies. 

T/irrmomHer. An instrument to show the relative heat of 
bodies. Fahrenheit's tliermometer is that cliiefly used 
in England. Other tlicrmomcters arc used in differ- 
ent parts of Knropc. 



244 A VOCABULARV 

Trituration. . A chernical operation whereby substances are 
united by friction. AmaJgams are made by this meth- 
od. 

Tubulated, Retorts which have a hole at the top for insert- 
ing the materials to be operated upon without taking 
them out of the sand heat, are called tubukUed retorts. 

Tungstates* Salts formed by the combination of any base 
with tungstic acid. 

V. 

Vatmnm. A space unoccupied by matter. The term is geo- 
eralljr applied to the exhaustion of atmospheric air by 
chemical or philosophical means. 

Vapour. This term is used by chemists to denote such exha- 
lations only as can be condensed and rendered liquid 
again at the ordinary atmospheric temperature, in op- 
position to those which are jpermanerUly elastic. 

Vital Air. Oxygen gas. The empyreal or fire-air of Scheele, 
and the oephlogisticated air of Priestley. 

VUrifitalHon. When certain mixtures of solid substances, 
such as silex and an alkali, are exposed to an intense 
heat, so as to be fused, and become glass, they are 
then said to be vitrified, or to have undergone vitrifica- 
tion. 

FUrioU, A class of substances, either earthy or metallic, 
which are combined with the vitriolic acid. Thus 
there is vitriol of lime, vitriolof iron, vitriol of copper, 
&c. These salts are now called Sulphates, because 
the acid which forms them is called sulphuric acid. 

Vttriolated lartar. The old name for sulphate of potass. 

Volatile Alkali. Another name for ammonia. 

Volatile Salts. The commercial name for carbonate of am- 
monia. 

Volatility. A property of some bodies which disposes them 
to assume the ^ascpus state^ This property seems to 
be owing to their affinity for caloric. 

Volume. A ,term made use of by modern chemists to express 
the space occupied b} gaseous or other bodies. 
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U. 

Union ehemUal. When a mere mixture of two or more sub- 
stances is made, they are said to be mechanically uni- 
ted ; but when each or either substance forms a com- 
ponent part of the product, the substances have formed 
a chemical union. 

W. 

Waier. The most common of all fluids, composed of 85 parts 
of oxygen and 15 of hydrogen. 
■ ■ mineral. Waters which are impregnated with min- 
eral and other substances, are known by this appella- 
tion. These minerals are generally held in solution 
by carbonic, sulphuric, or muriatic acid. 

Wddw^ Heat. That degree of heat in which two pieces of 
iron or of platina may be united by hammering. 

Wolfram, An ore of tungsten contaimng also manganese 
and iron. 

Woulfe^g apparatus, A contrivance for distilling the mine- 
ral acids and other gaseous substances with little loss ; 
being a train of receivers with safety-pipes, and con- 
nected together by tubes. 

Z. 

Zaffre* An oxide of cobalt, mixed with a portion of siliceous 
matter. It is imported in this state from Saxony. 

Zero, The point from which the scale of a thermometer is 
graduated. Thus Clesius's and Reaumur's thermome- 
ters have their zero at ihe freezing point, while the 
thermometer of Fahrenheit has its zero at that point at 
wiiich it stands when immersed in a mixture of snow 
' and common salt. 
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